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SUMNARY

This report presents the results of work undertaken for the

Defense Nuclear Agency (DNA) and for the International

Security Affairs (ISA) division of the Energy Research and
• Development Administration (ERDA) concerning land combat

simulation models. The initial task , performed for both

agencies, was to identify and describe land combat models

that would be applicable for evaluating the introduction

and use of tactical nuclear weapons in a high—intensity

conventional conflict. Background work included developing

a general understanding and overview of the various types of

• land combat models and the methodologies employed . A primary

study objective was to select one or more specific digital

computer models that could readily be implemented by the non-

developer to perform sensitivity analyses and tradeoffs

regarding the employment of nuclear weapons.

Although some models could be readily identified as either

suitable or unsuitable from their general descriptions , the

particular limitations or restrictions of others became

apparent only upon detailed review of substantial model

documentation . During this study it became evident that what

might present serious modeling limitations for a particular

study might be of no consequence for another application , and

that the kind of detailed information which allowed such

judgments to be made , should be more readily available. For

example , one of DNA ’s far-term analysis objectives is to

obtain a capability to analyze the effectiveness and vulnerability

of specific weapon systems, tactics options, targeting , and

associated command , control and communications problems ,

by examining in a more detailed manner the highly complex

interactions within a corps or division. Obviously , this

1
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second application leads to a somewhat different group of

models, in terms of scope and level of detail , from those that

had been selected to perform tradeoff studies on nuclear weapons

• employment options. Unfortunately , the information that had

been acquired about all of the models surveyed during the

initial study was not in a convenient or standardized form that

would facilitate selection of a model suitable for this long—

term objective. Furthermore, there existed no consistent means

or methodology for reviewing and comparing at a sufficiently

detailed level the large number of available candidate models.

Therefore, at the completion of the first study , a second task

was undertaken for DNA. This was to devise a means of presenting

detailed information about a variety of land combat models

having differing capabilities and scopes, in a format that would

make it possible for an analyst to more readily identify those

models best suited for his specific study application . Such a

methodology could be employed by DNA in their efforts to select

a model to meet their long term analysis objectives . In

addition , information presented in this form would have repeated

utility and could be used by other analysts to choose land combat

models appropriate for their particular needs.

Part I of this study presents the results of the initial

investigation which was aimed at identifying models specifi-

cally applicable for examining tactical nuclear warfare. It

includes a discussion of the primary types of land combat

models that have been developed , whet elements and events

such models should include, what factors should be considered

by the analyst when selecting a combat simulation model , and

the characteristics of those best suited for sensitivity and

tradeoff analyses. Each of the three tactical nuclear models

that was selected as particularly appropriate for such analyses2
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is described in terms of its methodology , scope, capabilities

and applications.

Part II discusses the generalized methodology subsequently

developed for DNA to illuminate in a convenient form the basic

attributes of both conventional and tactical nuclear land

combat models. This work included defining more completely

and in greater detail all of the components and events that

are important in simulating both types of combat, and
-

• developing a format to present the information in a compact

and descriptive manner. The utility of this methodology was

tested by applying it to the three land combat models selected

in Part I plus two other simulation models that included other

facets of land combat. To further aid DNA in their identification 
•

of possible models suitable for meeting their long-term analysis
objectives, several other nuclear combat models prominent

within the analytic community were reviewed and described ,

but at a less detailed level.

— - 
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SECTION 1. INTRODUCTION

Within the past few years, military analysts and planners have

become increasingly concerned about the possible role of

tactical nuclear weapons on the battlefield. Of particular

interest to them are land combat models that can be used to

examine the introduction and use of tactical nuclear weapons

in a medium- or high-intensity conventional conflict , such as

might occur in Europe between NATO and Warsaw Pact forces.

Such models could be used to perform sensitivity analyses

and tradeoff options concerning the types and number of

tactical nuclear weapons required to achieve particular goals,

alternative employment plans , the resulting collateral damage ,

etc. The purpose of Part I of this report is to:

1. Review briefly the types of land combat models

that have been developed to date ;

2. Identify those types best suited for sensitivity

and tradeoff analyses of mixed conventional and

nuclear forces in land combat;

3. Select specific models appropriate for such

analyses , and describe their methodologies , scope,

capabilities , and applications.

The investigation of types of existing models was accomplished

by (1) reviewing a numuer of previously published catalogues

[1-1 through 1-4] which briefly outlined the capabilities and

utility of models already developed ; (2) reviewing the specific

documentation for some of the models, when available; and

(3) in some cases , discussing model concepts and capabilities

directly with the developers and/or users. This latter

9 
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procedure was employed for some of the more recently developed

models where little or no documentation yet exists. Through

this process, three specific , recently developed models were

chosen for a more detailed examination of their design and

capabilities. These particular models were selected primarily

because it appeared they could be readily used to perform some

of the sensitivity and tradeoff analyses of interest for the

employment of tactical nuclear weapons in mixed conventional

arid nuclear land combat. This is not to say that they were

the only applicable models; but, they did appear to be three

• with a high potential utility , and applications for their use

are suggested .

Section 2 addresses the first two objectives of this study .

It presents a discussion of the various types of models that

exist and indicates the nature and requirements of those

applicable for investigating theater-level or division-level

mixed conventional and nuclear land combat. Section 3 discusses

and compares the capabilities and limitations of three models

selected that could be employed in such studies, and Section 4

amplifies on each model ’s particular utility .

10 
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SECTION 2. MODELS: OVERVIEW

2.1 TYPES OF EXISTING MODELS

To perform a detailed investigation of the many aspects of

tactical land warfare, one usually thinks first of digital-

computer combat simulation models, and indeed there is an

ever—growing number of such models. However, not all simula-

tions of land combat are restricted solely to using computer

models. At the other end of the simulation spectrum are map

exercises and war games, which can provide the analyst with
- data and insights on facets of a combat such as effective

changes in strategies, tactics and force allocations during

the conflict; command and control; troop movements, etc.,

that cannot be readily duplicated mathematically. The

difficulty with this type of simulation is that it is expen-

sive and time-consuming , and essentially nonrepeatable; thus,

it does not lend itself to the tradeoff analysis or parametric

study approach. As a result, there have been a number of

simulation models developed in which man and computer interact

to various degrees .

One may envision the group of land combat models as consisting

of the following classes:

1. Digital computer models.

2. User—assisted computer models.

3. Computer-assisted map exercises , or war games.

4. Map-exercises or war games unassisted by computers.

The hybrid classes (2 and 3), in which both man and computer

are involved in decision-making during the simulation of a

battle, provide a method by which the “commander” or analyst

11
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can supplement or replace the computer at particular times of

interest. For some models, this may mean that at the end of

each sortie or simulated day , the analyst reviews the computer

results to date and makes force and weapon choices for the

next “cycle.” For other models, which may employ a direct

interactive link with the computer , the user may be able to

monitor the course of the engagement (as determined by the

computer) on printed output or video display and intervene

when he wants to make a change.

An additional distinction which needs to ~e made about all

classes of battlefield models simulated by computers is that

many models are designed principally to evaluate weapons

effects. Such models do not attempt to take into account

all of the major elements of land combat. They are concerned

primarily with the casualties to troops, equipment, supplies ,

and possibly civilian population , resulting from the specific

employment of certain weapons . These models are used to

evaluate weapons and weapon strategies and mixes , and hence

are limited to assessing the weapon effects results of

employing conventional or tactical nuclear weapons, not in

determining the overall outcome of the battle.

Of the four classes of models listed above , the first two

(i.e., digital-computer simulation combat models , with or

without user-interaction) appear to be the most desirable for

sensitivity and tradeoff analyses , particularly those that

can simulate many complete battles with little or no user

interaction. For these two classes, the roster of major

models being used to simulate combat between military forces

grows larger every year. Not only do new models appear, but

often existing ones are modified and expanded so extensively

in order to better serve a specific study that they virtually

12



-~ — --- - • - - - -‘  

consitute new models in terms of program input/output and

capabilities.

In general , the digital computer models which simulate theater-

level conventional warfare , or some aspect of this type of

conflict, are the larger, more detailed and consequently more

complicated programs. Most are the result of a fairly long

evolutionary process during which the developers expanded ,

combined and reorganized earlier models to improve simulation

capabilities as required for particular tasks. Consequently,

these models have the virtue of being fairly complete in that

they account for most of the key elements of combat at a fairly

detailed level and usually possess a considerable degree of
*flexibility .

One might expect that such models would be further expanded

to handle the employment of tactical nuclear weapons so that

a single model could be used for studies of conventional and/

or tactical nuclear warfare. In general, this has not been

the case. Because tactical nuclear weapons impact on so

many aspects of conventional battle, the inclusion of these

effects in the more detailed conventional combat models usually

represents a major reprogramming task. Examining the impact

of these weapons on the course of the battle requires incor-

porating additional features such as radiation effects, which

produce delayed casualties , restrict troop movements, and

interfere with some forms of communication. One can readily

imagine that to modify and expand conventional land combat

*However , the implementation of these models by an outside user
generally requires substantial manpower , calendar time and
often computing time. Documentation is often not completely
up to date and for a new user to develop even a complete set
of inputs can take weeks to months.

13
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models and yet maii~tain the same level of detail , can result

• in computer programs that are extremely large and complicated

to use, and are not easily implemented by outside users.

On the other hand , a major limitation of many current models

that do simulate the employment of nuclear weapons on enemy

forces is that they were initially developed specifically

to evaluate only the effectiveness of various nuclear weapons ,

deployments , and attacks. They do not take into account many

of the other major aspects of combat and therefore must be

classified primarily as weapon effects models, which calcu-

late primary and collateral damage, and prompt and delayed

casualties.

2.2 MODEL REQUIREMENTS

Regardless of the type of model , in order for it to simulate

realistically a complete combined—arms land combat, it should

include or represent all of the key elements and events

encountered in theater—level warfare. Table 1—1 presents

a list of the key elements and their typical “components”

which are a part of any major tactical conflict involving

land and air forces. The components of the three types of

force elements, as well as the logistic and reserve elements,

are readily quantifiable in terms of the number of men ,

weapons, supplies and their various combat capabilities.

However , the remaining three major elements listed , doctrine

and missions, C3 (command , control and communication) , and

environment are much more difficult to define and model.

Consequently , even models which purport to be “complete”

land combat simulations seldom model all of these key elements

to the same level of detail or complexity . Furthermore , as

would be expected , m ost models are developed in conjunction

14 
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Table I-i. Major Elements of Combined-Arms Land Comba t

MAJOR ELEMENT COMPONENTS

GROUND FORCES . ARMOR (TANKS, APCs , ETC .)
• INFANTRY (RIFLES , MORTARS , ETC.)
• ARTILLERY (TUBES, ROCKETS , MISSILES)
• ANTI-ARMOR (AIR AND GROUND LAUNCHED MISSILES)
• RECONNAISSANCE UNITS (AIRCRAFT , PATROLS , ETC.)

TACTICAL AIR FORCES • CLOSE—AIR SUPPORT AIRCRAFT
• DEEP STRIKE AIRCRAFT (AIRBASE ATTACK ,

INTERDICTION , ETC.)
• SAM SUPPRESSION AIRCRAFT
• FIGHTER SWEEPS , CAP AND ESCORTS
• RECONNAISSANCE AIRCRAFT

AIR DEFENSE FORCES • SAMs (FIXED SITES AND MOBILE UNITS)
• AM (FIXED SITES AND MOBILE UNITS)
• AIRCRAFT (INTERCEPTORS AND FIGHTERS)

LOGISTICS AND • NUMBERS OF MEN AND EQUIPMENT , AND TYPE
RESERVES • SUPPLY DEPOTS , RESERVE LOCATIONS

• RESUPPLY AND TROOP RESERVE MOVEMENT ROUTES AND
MEANS

• POLICIES AND SCHEDULES FOR RESUPPLY AND
RE I NFORCEMENT

DOCTRINE AND • OVERALL OBJECTIVES , GOALS AND PLANS
MISSION • INDIVIDUAL FORCE UNIT OBJECTIVES AND MISSIONS

(ATTAC K, DEFEND , DELAY , ETC .)
• METHOD OF CARRYING OUT MISSIONS
• ALLOCATION OF FORCES
• RESTRICTIONS ON USE OF FORCES AND RULES OF

ENGAGEMENT (CONVENTIONAL AND NUCLEAR )

C3 • COMMAND , CONTROL AND COMMUNICATIONS ( EQUIPMENT ,
PERSONNEL AND PROCEDURES)

ENV lP U M~~~ • WEATHER
• TERRAIN
• CIVILIAN POPULATION CENTERS

15
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with a particular study addressing specific questions . They

therefore emphasize the portions or aspects of the battle of

most importance for the analysis; facets having less impact

on the result , or more readily evaluated outside the model ,

are usually represented in less detail or even omitted

entirely.

The simulation of a complete land battle will consist of

actions and interactions involving the seven key elements

given in Table 1—1. These interactions have been condensed

to consist of the five major events given in Figure I-i. The

ordering of the events within the block is not intended to

define a particular sequential ordering . At various times,

all or most of the events will be taking place in parallel.

The intent of this figure is to identify the major events and

indicate their conceptual relationship with the key elements

discussed above. The main point is that if a model is going

to try to represent an actual combat realistically , then it

must model or take into account in some form these five major

events that comprise land warfare.

2.3 MODEL SELECTION

Although there exist a number of large detailed computer

models that collectively cover almost every aspect of conven-

tional/nuclear combat, the approach of using a family of
models to perform a sensitivity or tradeoff analysis (timing ,

number , yield , etc.) of the employment of tactical nuclear

weapons is not usually desirable or even practical—-particularly

if one is fairly limited in manpower and resources. This is

especially true if the results of one model are used to

establish the inputs for another because there is often

difficulty in reconciling or structuring the data to conform

16
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MAJOR FORC ES

TARGET ACQUISITION

MISSION ENGAGE AND FIRE WEAPONS ,,ENVIRONMENT
/1 • WEATHER
// • TERRAIN

MANEUVER FORCES

DOCTRINE COMMUNICATIONS AND DECISION PROCESSES
• STRATEGY
• TACTICS

REINFORCEMENT , SUPPLY AND RECOVER Y

CONFLICT OUTCOME
• FEBA MOVEMENT
• LOSSES

Figure I-i . Major Events in Land Comba t
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to that required by the subseci t~~n t . inodel .  Under  these

ci rcumst ances , the manpower , calendar time , and computer time
required to obtain the resu1t’~ needed for analysis are often
prodi g ious .  For th i s  type of a n a l y s i s , the use of a sing le

• computer model which inc i ude’~ • . ~1l or most of the major elements
and events of land combat , and ca n perf orm the necessary
calcula t ions quickly in a parametric mode of operation,

~p ears much more satisfactory.

As a result of this need , a ~ew modelg have recently been

developed that are suitable fcr these types of tradeoff
analyses . In general , they are theater- or division-level

models which simulate the employment of both conventional and
nuc lea r  weapons in a hi gh-level  c o n f l i c t .  As a rule , because
of the requi rement to simula te a large number of “wars ” rapidly ,

they do not include the depth of detail of some of the pre-

viously developed , larger “conventional-only ” or “nuclear-

only ” models. Most of these recent models treat many key

e l emen t s , especially those associated only with conventional

combat , in a much more aggregate or average manner. Thus ,

the analyst is probably not able (if the need arises) to

examine all facets of a simulated combat covering an extended

time period (on the order of weeks) to the same degree of

detail as he would with a family of larger combat models.

However , with these newer models he is able to perform types

of analyses (sensitivities and tradeoffs) that are not

poss ible nor practical with larger mod~ 1s or families of
models. If they are used properly, these newer , more
aggregated models can effectively help answer some of the

major questions concerning Lhe employment of tactical nuclear

weapons in support of conventional forces.
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Three such models that were specifically designed for the

investigation of the employment of tactical nuclear weapons

in a conventional land combat are COMBAT II developed by
*

Braddock , Dunn and McDonald; L&A TAC NUC model deveioped at

Lulejian & Associates , Inc.; and DWEEPS developed by Lawrence

Livermore Laboratory . These models represent three different

levels of force in land combat: COMBAT II models the entire

theater-level war , L&A TAC NtJC models a sector-level combat,

and DWEEPS models the nuclear portions of a division-level

battle. The following section is devoted to discussing the

capabilities and utility of these three specific models in

the context of their ability to model the elements and events

discussed in this section.

A methodology for screening models and determining which are

appropriate for a given purpose is presented in Part II. The

three models referred to above, plus two other models--a model

currently in development at Lawrence Livermore Laboratory

called JEREMIAH , and a specialized model developed by Lulejian &

Associates called LLJLEJIAN I--are treated as examples in that

part of the report.

*The Lulejian model has never been officially given a name.
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~ 1 I  I T J 1 - ~S SELECTED MODELS
I F L . V ~ .-:i .~ - ~. ~ 1 AL N V C ! . L A P  ( ‘ UMI3 AT

: W b c  ~~~~~ ~~~ 
CS~~~f l ’  - 1  - ‘ !  ~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~ ir :~c t e r i s t i c s  and

c~~~ j b i l it  ~~. s  ~, ‘ he ~~~~~~~ mo i. ls iJentified as being

a p p l i c~ib le  f o r  U~ VL ~ ~~~~~~ in~ ~~~~~ of t • i , t i cal nuclear

w~~r f ~~r~ COMBAT II , L ’~A TAC NUC , ~~~ . .  i ~i~~i i : I~~~. The f i r s t  two

mo~~~-l s  are coni~ le~ ely c i i ! i p u ’ ~ i z~- - •~ .1 i - .~i t a l  computer  p rograms ,

and the  t h i r J  is .~ user-~issist~- I nucl~. i r targeting effects

comput atio~ model. All three ~ t these models were designed
s p e c i f i c a l l y  fo r  i n v e s t i g a t i ng  the employment  of t ac t ica l

nuclear weapons in a high-intensity , land combat situat ion ,

and al l  t h ree have been used recent ly in at least one study

of tactical nuclear warfare.

For each model , Table 1-2 presents a list of its major features

and charac ter istics , the key elements and events that it

considers , the major program inputs and outputs , the measures

of comba t outcome used , and an overv iew of the u t i l i t y  of the

model (i.e., size of the program and magnitude of the ef for t
required to implement it by a new use r)  . The characteristics

and capabilities of each of these models are discussed in more

detai l  in the f o l l o w i ng paragraphs  wi th suggest ions of ways

in which  each could be used in analyzing the employment of
**tac t ica l  nuclear  weapons .

*Table 11-2 presents a more detailed matrix description of
these models , along with JEREMIAH and LULEJIAN I.

For a more complete description see Appendices A , B , C, D,
and E of Part II.
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Table 1-2. Characteristics and Capabilities of Selected Computer Models

INPU T / O UTPUT
MACE L BASIC OES CA I PT IOM R ET ELEMENTS EVENTS SIMA LAT C O AND MEA S URES MODEL UT ILIT Y RE MARKS

COIS AT— Il LAND CARSAD C~~~UT(B GROUND F O R CES TARG ET A C Q U I S I T I O N  I NPUTS : S I Z E :  4~~~~ CARDS INIOCI CAN BE OPERATE D AT
RUDRACE . DUNN & PID DEL TACTICAL AIR ENGAGE AND F I R E  FORCE NU IS ET S AMA) INPUTS: R 30 THEATER . D I V I S I O N  ON
MED ONRLD. IN C. ASSESSES INTE R AC— A I R  D E FE N SE W EAPONS D I S T R I B U T I O N  COMPUTATION T I M E :  CORPS L EV EL
1174 TIENS AMONG L O G I S T I C S .  RESERVES MA NE UVER FORCES A L L O C A T I O N  FACTORS TENS Of SECONDS FOR FEU MO VEMENT RA T ED ON

C~~SINE D-A RM U D O C T R I N E :  ALLOCATION D E C I S I O N  PROCE SS:  F L O W  LU TE L I M I T S  0-OAT VAR A E U R I S I I C  E X P R E S S I O N  OR
C~~SAO FORCES AND AT T ACE ALLOCATION OF COUPLING C O E F F I  - OUTPUT: D E T A I L E D  LAN CHESTER •.g .

CONVENTIONAL AND ENVIRONMENT THEATER L E V E L  C I E N T S  NL IIERIC AL ARID OR T H R E E F R L N I U  MARES
NUCLEAR TWO-SIDED W EAPON ( A I R C R A F T . BASE OCCUPANCY GUP R ICAL I N  V ST R AIGHT L I N E

STISE TRICAL THEATER- 5511) LAUNCH AND SORTIE A V A I L A B I L I T Y :  AUGUS T MO DEL CALCULA T E S FE N A
LEVEL CONFLICT (3 REINFORCE ME NT . RATES I V 7 S .  DN A SPO NSORED MO VEMENT AND LOSSES
FRONTS) RESUPPLY ARID OUTPUTS AND PROURAR l I# LEME V - BASED ON I N P U T  AC OY J I -

NI A I INDI U N I T  S I Z E :  RECOVERY MEASU RE S~~: TUT ORYI : LESS IVAN V S I T I O N  MID FILL FACTORS
BATTALIONS OR FE RA MOV EMENTS OR MAlTA E T C .  I T  IS  A P , TYPE
R E G IMENTS 3 FRONTS (APPL I CA N L E FOR VO OEK EEP IN G MADE : IRIIQI

SOLUTION METHODOLOGV FORCE S I Z E  S E N S I T I V I T Y  DUES NOT SI MU LATE THE
(MAT HE MATICAL PRO- ATTRITION RATES ARI A) Y5E S ) ACTION oc THE FORCES.
CE000E D E T E A N I N I S -  R ESOURCES . ETC. NUCLEAR STORAGE SITES
TIC FL ON -R ATE MOREL TIME H I S T O R I E S  DF JR~~LEAA A R T I L L E R Y  ARID
SI IMJL TANE OU S l i R E  STATE PARIAR LE S SS~~SOLUTION OF AROUT lID DELAYED EFFECTS OR
100 DIFFER ONTIA R . MACLEAR D(TOYIAII OR (~EQUATI OYG ) DE LAYED CASUALTIES)

TAC INC MODEL LAND COMUA T CORN’ UTER GROUND FORCES TARGET A C Q U I S I T I O N  INPUTS: S I Z E :  2000 CARDS MODEL TO RE E O PA NDED TO
LLt EJ IAJ I & A050C . MO DEL TAC TICAL A I R :  CLOSE ENGAGE AND F I R E  FORCE YE.YSERS MID INPUTS:  300 THEATER LEVEL
1973 ASSESSES INTER . A I R  SUPPORT ONLY W EAPT NS D I S T R I B U T I O N  COMPUTATION TIME:  NO NUCL EA R STORAGE

ACTIONS IDNUNG L O G I S T I C S .  R E S E R V E S  M A N E U V E R  FO R CES ALLOCATION FACTORS SECONDS FOR V 0- LOCATIONS
C ORS IN E D-AR MO D O C T R I N E :  ALLOC A TION FORCE ALLOCAT I ON U C T U I S I T I O Y R  FACTORS DAY VAR NO C I V I L I A N  COLLATE J.ML
CORSAT FORCES AND ATTAC EJ DEFE M D RGIA FOR CE4E NT G I L L  FACTORS (MAE , OUTPUT: DETAILED DAMAGE

CONV ENTIO NAL ARID E NVIRO NM ENT P E~ C E P )  NUM ERICAL NO THEATER LEVEL SURF~~~
NUCLEAR ATTRCER Y5 ATTRITION THRES HO LD R R R T L A R I L I T Y :  IU- SO RF ACE M I S S I L E S
DEFENDER LE V ELS NOVE ID ER 19 14;  ORES NOT N C L : JDE DEEP

CORPS LEVEL CONFLICT MOVEMENT BATE ISA SPONSORED S T R I F E  A~~P C P VU~~T . AIR
M I N I N JR UNI I  SIZE:  L I M I T S  PROGRAM IMA LE ME N . Of FENSE AIRC RA FT OR

AATTA LIONS CAD SOR TIE RATES TATIUN: LESS T HAN SANS
(MA THEMATICAL PRO. ROJTPUTS ARID A P511TH FRIENDL Y CASUALTIES

CED RE RE: DET EIDI IM- MEASURES : MACLEAR : PRO MP T AND
I STIC TIME-STEP FERA MOVEMENT DELAYED CAOL U LI I  ES
MO DEL-ITERATIVE FORCE SIZE ARID COLLATERAL DOJNUGE
SOLUTION OF FORCE THEIR CORS AT UN I LATE RA L AR BIL ATE RAl.
INTERACT I ON EFFECTIVENESS USE Of YI UCLS
EQUATION S ) A T T R I T I O N  RATES ONLY TORE LAUNCHED

MACLEAR ORONAYAC E
AVERAGES OVER A ANT

ON E E PS U SER .A S SISTE D ENE MY GROU N D F ORCES TARGET A C Q U I S I T I O N  INPUTS: S I Z E :  lORD CARDS DISPOSITION A NT MOVE ME NT
LAAREN CE LIV E 5~~~E AER RONS EF TE CTS C I V I L I A N  POPULATION H I R I N G  NUCLEAR EN ERT FORCE TYPES . INPUTS:  700 OF ENEMY GRO . ND FORCES
LA3OLNTORIcS C OM PUTER MODEL C E N T E R  W EA PO N S NU !YR ER N . D I S T A I R U —  COR PUTATION TIME:  PM/ ST VY I N P L I  TO IMNIE L:
I R I O / I 9 7 5  EVALUATES I N I T I A L  D O C T R I N E :  NUC L EAR PU/ CLEA VY EFFECTS ONLY TIDY ) .  AND T I N E -  TENS OF SECON D S e q . .  THE OU TCOVE OF A

EFFECTS OF E MP LOY- EMPLOYMENT PLAN MISTORY PI OVE FI E NT FOR U S_ H R B OTTLE P R E D E T E R M I N T U  CO N/ ON-
IPID TAC NUCS IN A DEVELOPED NY USER LOCATION ANO S I Z E  OU TPU T : DETAILED TI O N AL RATTLE
B A T T L E F I E L D  OF C I V I L I A N  POPO IA . N UMERICAL USER EMPLOYS UCTU V L MAPS.
ENVIRO NM ENT l ION CENTER V A R I L A R I L I T Y : 970 A E V P O N E F F E C ~~I V E N E S S

SUPERIMPOSES MACLEAR NUCLEAR WEAPON PR OGRAIP I MP LEMEN-  TEMPLATES.  A N D GRAPN S—
ATTACK ON PRE . EMPLOY M ENT PLAN T A I I U N : ABOU T TUG CALL! D I S P L A Y E D  TARGET
DEFINED CUN V EN . MAP LAYOUT OF - W EEKS TO A MONTH A C Q U I S I T I O N  INFORMATI ON
T IU U L LAND COIMEAT RATTLE AREA TO TARGET NUCLEAR

MA CLEAR ATTACR NY OUTPUT : WEAPONS
ONE S I D E  ACQUIRER TARG ETS USE M OEAELOP ( S OWN

DIVISION LEVEL (A LL PROMPT MA CL EAR M/JCLEAR R EAPONS FMP Y.OF.
CONFLICT E F F E C T S )  BENT PLAN

MIN IM/ N UNI T S I Z E :  M I L I T A R Y  AND PR ORM/ T PR/CLEAR EFFECT S
PLATOONS C I N I L  IAN CASUALTIES DRILT

AT tEA L PNOC E - MD OMAGO

T I M E - S T E P  MO DEL

AR AI L .AILE AS A FUNCTION Of TIME.
LLL IS CURRE NTLY COIR’ LETI IPO HOME OH A NIB RERSION SlIC K IS DESIG N ED FOR AN I N T E R A C T I V E  Y I DEO-SRA PNI C CORPSI TEV SYSTEM. ALSO . MOVEMENT SF ENEMY FORCES

ARE A LT E RED AS V FUNC t ION OF EFFECTS OF MA CL EAR ATTACK . PUNY l A Y S ,
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3. 1 COMBAT I I

The COMBAT Ii model ~~os developed by F3raddock, Dunn and McDonald

( B D M ) during t h e p~~sL two y L~Ji s speciftcrilly to investigate

conventional land combat S pp:~~ ted by nuclear W :IV)flS in a

theat~~r— lev~’1 itt ensity cOnflict [1—5]. B~~1 s  objective was

to provid” analys’ s witj, :i tO :1 L h L o t ~ oiIL.i allow them to

ident ify and ex~ ni ne the k e y  d r i v e rb  if! such combat and how

they varied as a function of time. In designing this model ,
two important additiona l criterid were Ls~~~blished . These

were that the resulting digi al-computer program be relatively

simple in terms of its required inputs and that it have a fast

computer running time commensurate with performing parametric

analyses and tradeoff studies. To achieve this , BDM employed

an ‘outside-in ” approach and did not attempt to model the
key elements and events using a detailed “inside—out procedure .

Consequently , the var ious ma jor subp rocesses of a combat are
related to each other through coupling equations , which deter-

mine the r e l a t ive  con tr ibution of each to the f inal outcome

and provide a means of examining the evolution of the battle.

*

3.1.1 Basic Description

COMBAT TI has the capabi l i ty to exam ine the interact ions a~ cr.c;
the ground and air combined-arms forces engaged in the conven-

tional , tactical  nuclear  or mi xed c o n f l i c t.  The model is

configured to be complete ly two-sided , with no built-in

asymmetries , and if in put s for the two sides are reve rsed ,

the results will be a complete mirror image. The various

force elements are aggreqaied at the battalion or division

*
See also Appendix A , Part II.
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level , and the model does provide for FEBA movement in three

separate fronts. Each front, which is about 300 km wide and

30 km deep , moves independently or can have a functional
relationship at the option of the user ; however , there is no
mechanism for simulating “ f l a n k  a t tacks ,” encirclement , local
breakthroughs or the like.

The mathematical methodology employed for ease and speed of
program operation is that of a deterministic differential

equation flow-rate model. In this type of program , the key

parameters and events are modeled using a set of interrelated

ordinary d i f f e r e n t i a l  equations that are solved simultaneously.

Each equation defines the time rate of change of some variable
of state such as the number of ground troops, interceptor

aircraft , surface-to-surface missiles , all of which change

as a function of time due to their interactions with other

components. For example , the time rate of change of the

number of ground troops at a front could be expressed as a

function of their losses to each of the various weapon systems

plus the net flow of reserve troops from the rear . In such

equations, each of these individual terms is defined mathe-

matical ly in terms of acquisition , attr ition and other factors
associated with the particular variable.

In COMRAT II, a set of approximately one hundred such equations
is numerically integrated over time to generate the evolution
of the battle and calculate the attrition of the various combat

systems . The model has been designed so as to provide the
analyst both with an overview of theater-level mixed combat

and with detailed time-histories of all components of the

engagements , so that he can determine their contribution to

the overall outcome . The model is geared for investigating

force mixes , strategies , optimum weapon deployment and timing ,

23 
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in a p a r a m e t r i c  f a s h i o n , arid d e t e r m i n i n g  the d r i v i n g  f ac to r s

during the course of the battle .

3.1.2 Key Elements

The model was designed to be used fo r stud ies of NATO/ Warsaw
Pact conflicts and hence takes into account in a highly aggre-

gated fashion most of the key elements discussed in the

previous section . The combat systems associated with each of

the three fronts include ground forces (with their share of

conventional ar tillery units ), nuclear  ar t il l e ry , tact ical

miss iles , supplies and nuclear warheads. In the rear are
reserve forces and supplies , airbases , aircraft , centrally
controlled surface—to—surface missiles , and nuclear storage
si tes. The aircr a f t  may be designated as interceptors that

engage enemy aircraft or nuclear-capable aircraft , which may

be specifically allocated to either ground support or long—

range attack and interdiction.

Log istics are simu la t ed  in tha t  troops an d supplies f low f rom

the rear to the fronts and vice versa. The program permits

moving these resources from one front to another by with-

drawing and reallocating them. Based on user input allocations
and opt ions , the model’ s doctrine provides for conventional
and/or nuclear ex changes , including ground—to-ground duels ,

tactical missile exchanges , aircraft air-to-air battles and

ground attacks.

Environmental charac teristics such as weather and terrain are
not modeled explic itly within the program but are accounted

for indirectly through user inputs concerning target acquisi-

tion fac tors , maximum movement rates of the FEBA , reinforcements ,

and resupply units.
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3.1.3 Events Simulated

As indicated in Table 1-2 , the COMBAT II model attempts to

take into accout all of the major events of land combat

previously identified , with the exception of C3. Using

inputs concerning target acquisition factors, weapon kill

factors , allocation fac tors , and max imum expenditure and flow
rates, the program evaluates the interactions between various

weapon sys tems by solv ing its set of simultaneous differential
equations. For those combat systems defined as being at one

of the three fronts, interchanges are permitted only between

opposing ground force units and include both conventional and

nuclear artillery. However , surface-to—surface missiles are
able to attack all opposing elements within the front.

All aircraft are located at airbases in the rear area. These

bases can be specified as being within or beyond range of the

enemy ’ s tactical surface-to-surface missiles. The air battle

simulation involves both conventional and nuclear-capable air—
• craft. The conventional aircraft may be specified as inter-

ceptors or allocated to a ground attack role , while those

aircraft carry ing nuclear weapons may be assigned to various

types of ground targets. The conventional interceptors that

survive the air combat return to base while the surviving

conventional and nuclear ground attack aircraft continue on

to their targets and are subjected to area and terminal air

defenses. Those that survive deliver their weapons on the

assigned target types.

The flow of reserves and resupplies from the rear to the fronts

are controlled by response equations which reconcile the maxi-

mum allowable densities , the actual and commanded FEBA advance

rates, and the maximum flow rates specified to define the

resulting flow rates used in the set of differential equations.
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I n O s  1,~~ I~~1Ug this model , t l : ) L : o  : S ‘~ .~~~ i1~ k Ct ’l on :j i v i n g  the
a n a l y s t  t ~e d i  l i ty  to rea:t I ” i~~ v~ /- . r i - ~~It e  t h e  cu r t r i b u t i o n s
and in~ OL~~i~~~t 1OflS  Of  t h e  (O ’fIi ~~)O : L - f l t  W L:d~~- i !  sys tems and st r at e~~ies

o t h t ’ outcome of t h e  b a ft  l e  . i~~ n aJ • y fu r  any sin:u ~~ated
combat e x ten d i ne  fo r  iii ~~r e  t :h~~n a t ew : L S , t u e  time—dependent

r es u l t s  mus t i n c l u d e  not ( L i i ]  ~ 
f : 1~~~ i i €  ci ~‘: ( I wf lS  and weapon

S~~ 5Ee [f l  a t t r i t i o n, but  a ir u  ~ ic- :rio :j a i r o L  of ground forces. In

t h i s  model , t h t ~ FEBA r l o e u : e - . is v u , H e d  i:: • ur i s t i c al l y  so as
to range from zere , when t~~~ o y /  -~i a y  for c e s  app rox ima te
p a r i t y , to a maximum :I i1 ’~~~~~~~: ;•/ cO taLe , x~riieh is i n p u t  by the

u s e r .  The p a r t i c u l a r  f u n c i . e - .1 L e ? E L t o n s t l ip  employed is
based on e x ten d i ng the Lao. :e~~re - t:~~~auic jros so as to represent

the to ta l  a t t r i t i o n  of g rou n d  ca:; d u e -  to a l l  cause s .

However , the c a l c u l a t i o n s  ~~ 1- El ~~~~~ li c ut l I t  art: performed

independent ly  of the i n t eJ i at i o i  of :  ~~~i;ltaneous different.:

equat ions .

3. 1 . 4 Inputs/Outputs and : t ~ ~ur Cs

As indicated above , the t y p u n  : 110:; : r required for th i s

kind of model includ e allocai:ion ~ e f s i t to n  and k ill fac to rs ,

and maximum expenditure and f]~~w ro::es. The initial disposi-

tion of forces and weapun Systcra 5 ~~-e- if ied in terms of

the numbers and dis tr ibu tion o f uen , ~~: :u p o f l S  and supplies at
each of the three f r on ts  e r iC  in  : ~:: . :: ar , and thereby define

an aggregated order of bat tle ~or toe two sides. Other innuts ,

such -as acquisition and kill taetO a , and :- :n~ J r r expenditure

and force and supply muYe~ cnt /.~~~~ L C~~T r-:.ieee nt average values

associated with the V • iL 1 u i s  s”slct:e ~V d  their  i n t e rac t ions.

These factors determine values ior ti ~~ coup l i ng  coe f f i c i e nts

used in the dif f e r e n t ia l cq:~j t o ~~ to interrelate the va ~~~~~~e~~.r

combat systrr:s. N a t u r a l l y ,  - l ~~ ~ .i~~ct  1 j f l  of appropriate
val ne s by the  an a lys t  can be t i e r ; a l ; iiripor t~~nt t —  the
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outcome of the battle , especially when different magnitudes

are used for the two sides. Therefore , these factors are

usually chosen on the basis of a combination of other model
results , available combat data , military judgments and
est imates, tempered with the particular analysis or trade-

off study being performed . For mixed weapon type combat , an
add i t iona l  important key input is that of the time (specified

in hours) at which tactical nuclear weapons are first employed .

Program outputs include a tape which contains time histories

of all the nearly 1100 variables of state that are kept track

of within the program . Using this tape as input to a post

processor program , the analyst can obtain printer output and

time-history plots of any of these parameters of interest,

as well as summary tables displaying the composition and

distribution of each of the combat systems throughout the
ba t t l e .  Wi th  these data , one should be able to identify
which factors dominate and how they change as a function of

time . However , the program does not calculate or account for

collateral damage to the civilian population or the delayed

casualties caused by nuclear radiation effects.

3.1.5 Model Utility

Because of the designer ’s aims and methodology , this model
could probably be readily implemented by other users. It is

programmed in FORTRAN (total deck size about 4000 cards) and

requires lOOK of storage , plus two on-line disk or tape files.

Computation time on the CDC 6000-7000 computer systems is

typically under two CPU (central processor units) minutes for

a ten-day war. Program input preparation time for a completely

new problem is usually less than a week , and the evaluation of

the results can be accomp lished in less than a day.
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This mod el appears to offer the- anal ys t a ve ry  convenient

tool f o r  exa min i n g convent io nal and/ or tac tical nuc lear

warfare involving theater-level mixed combat. Although it

accounts for most of the key elements and events of interest

in th is  level of con f l ict, the program is not intended to

generate absolute quantitative an swers. Its utility is to

prov ide a method of compar ing the e f f e cts of var ious weapo ns ,

options and strateg ies in a relative way , and to identify

what factors are driving the results .

*

3.2 L&A TAC NUC MODEL

The L& A TAC NU C model , rece nt ly developed by Lulejian &

Associates, Inc . , is a comp le te ly  compu ter ized , land combat
model [1-6 through 1-8]. It simulates the interaction among

friendly and enemy combined—arms combat forces , and assess es
the outcome of the ba t t l e  in terms of the forces  lost by each

side and the movement of the FEBA . The model handles  a

mixture of both nuclear and conventional ordnance employed
by either or both sides. The TAC NUC model was designed

primarily to assess the battlefield employment of tactica

nuclear weapo ns , and is a reduced/modified version of Lulejian ’s

Thea ter Level Model of convent ional  land combat.

3.2.1 Basic Description

The L&A TAC NUC model is a nuclear land combat model which
• accounts for most, but not all , of the major elements and

events that comprise a combined-arms conflict. Unlike the

previous model discussed , it is not a theater-level model ;

*

Sec also Appendix E, Part II.
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it is limited to one sector of the battle front (typically,
a corps zone approximately 60 km wide).

The doctrine built into the model limits it to examining a
situation in which one side is the attacker and the other is

the defender. Reversing roles (or counter attacks) in the

same computer run is not possible.

The basic ground force unit used in this model is an average
size maneuver battalion. The area covered by the battalion

is defined by the representative relative positions and

distances among the companies and platoons that comprise a

battalion , based on nominal deployment concepts . However ,

this deployment array can be modified to account for massing

or dispersal , in keeping with the tactics for deployment of
forces in a conventional or nuclear battlefield environment.

Maneuver-unit targets (tanks and infantry ) are assumed to be

detected and acquired by visual sensors only. Enemy artillery

is detected using other sensors , such as counterbattery radars.

The desired number of nuclear weapons employed against each
target type is an input , but the number modeled is restricted

by the number of artillery tubes and weapons available , their

fire rate, and realistic employment delays. No air-delivered

nuclear weapons are considered .

Basically, the L&A TAC NUC model is a deterministic , expected
value , time-step digital computer model , with the time-step

increment (or “integration step-size ”) being one day . That

is, the losses and FEBA movement for that full day are

determined on the basis of the forces available at the

beginning of the day, and the number of targets acquired ,

the number of weapons used , etc., for that particular day .
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The va lues of force losses a nd FEBA movement for  a given day
are determined simultaneously by obtaining an iterative
solu tion to a set of al gebra ic eq uations wh ich represent the
in teraction among the various forces: interdependent FEBA

movement equations and force loss equa tions. The basic form
of the equat ion that relates  the FEBA movement to the losses
is given as:

FEBA
Movement (

UnoPPosed
) (i - Actual Losses

Rate Rate Threshold Level

where the un opposed rate and threshold level are input values .

The ac tual  losses are calcu la ted  as a f u n c t i on of the types
and number of forces involved , the separation distances between

them , and the appropriate e f fe ct iveness parameters (acquisition
and kill probabilit ies , which depend on the separation dis-

tances)  . FEBA movement is then determi ned by losses sus ta ined
by each side ’s tanks and infantry . There are four FEBA move-

men t equat ions l ike  this  one : two for tanks  ( f r i e n d l y  and
enemy) and two for infantry. The four associated separation
distances (enemy tanks to friendly inf antry, enemy tanks to
f r i e n d l y  tanks , etc . )  and resulting losses on both sides are
adj usted so that each equat i on yields the same FEBA movement .
Unopposed ra tes of 64 km per day and th reshold loss levels
of 15 percent per day are as sumed nomina l va lues .

As for nuclear damage calcula tions , bl ast is assumed to be

the primary tank—kill mechanism , and prompt  rad iat ion e f f e c t s

account  for  the personnel  losses. Both in itial  and delayed

casualt ies resulting from initial and cumulative doses of

rad iation are determined . Collateral damage is assessed

in terms of the area that is subjected to van is levels of
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radiation . No civilian data base is input , nor es timate of
their casualt ies  at tempted .

Even though the model has certain limitations , as indicated
above , it can be used effectively to examine certain land
combat situations . It was recently used to simulate a portion

of the Barbarossa II scenario for ISA. This involved a short

ten-day battle between different numbers of Pact and NATO

divisions . The Pac t forces massed a number of divisions
aga ins t  a s ingle  U.S. division over a 60-km wide sector in

which NATO employed only hold and block tact ics  against  the

Pact attack. This model has also been used to make a compari-

son between the use of advanced precision-guided munitions

and tactical nuclear weapons in the area of the FEBA .

3.2.2 Key Elements

This model accounts for all of the major forces for both

sides except for a part of the tactical air forces and the

air defenses (SAM , AAA and aircraft). Close-air-support

(CAS) sorties are inputs to the model , and their effects on

the ground combat are determined ; but , the rest of the
tactical air missions and air defense missions , and their
impact on the ground war , are not considered. Reserve maneuver

battalions are accounted for by committing them to the front

line area as the battle progresses . The doctrine which deter-

mines the allocation of forces can be chosen as fixed by the
input , or can be altered day by day based on the outcome of

the battle to date or the desired outcome of the next day ’s

battle. However , as indicated above , the basic doctrine of

each side is fixed for the duration of the conflict , with

one side being the attacker and one being the defender.
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The effects of the environment , terrain and weather are not

modeled explic itly. However , va ria tions from the norm can
be roughly accounted for by cha ng ing the input va lues  for
target acquisition probabilities and unopposed force move-

ment rates. As for collateral damage to the civilian
populace , no account of them is made. However , the cumula t ive

ground area that is affected by the nuclear weapons is calcu—
la ted ( b last, thermal and nuclear ra d i a t i o n )  and termed the
c o l l a t e r a l  damage area .

3.2.3 Events Simulated

As ind icated above , the major events simulated or modeled by

L&A TAC NUC are the acquis it ion of enemy targets , the enga ging

of enemy ground for ces and f iring of conve nt ional and nuclear
ordnance , the maneuver ing of these forces  based on acceptable

losses , and the allocation of reserve battalions and nuclear
weapons. A l though the use of reserve maneuv er bat tal ions is
taken into account based on the doctr ine selected (e.g. ,

at tack or d e f e nd ) , in general  the communica t ion  and decision

processes and reinforceme nt , supp ly and recovery are not

modeled in any de ta i l .  However , the s imula tion does take

into  account troop combat in e f f e c t i veness , and the communi-

ca tion of target loca tion in fo rma t ion for  suppor t f i re and

nuclear delivery syst ems is expl icitly modeled . The basic
doctrine for attacking or defending is fixed once the battle
begins ; only the decision regarding the allocation of nuclear
weapons and reserve battalions is processed by the model ,

based on the selected mode of operation of the model and the

buil t-in allocation algorithms .
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3 . 2 .4  Inputs/Outputs and Measures

As shown in Table 1-2 , the necessary inputs to the L&A TAC NUC

model consist pr imarily of those that def ine the initial
dispos ition of forces for both s ides , the target acquisition

and kill factors , and the limits on forc e movement rates and
acceptable attrition levels. The initial disposition of the

forces is input in terms of the number and area covered by
each side ’s “average ” maneuver ba t t a l ion  and the densi ty  of

battalions on line (i.e., along the front line and in reserve).

Kill factors for the weapons employed are input in terms of
the mean area of e f f e c t i v eness (MAE ) , circular area probability
(CEP),  and/or probabi l i ty  of k i l l  agai nst a par t icu la r  type
of target .  In addi t ion to th ese inp uts , the number and rate
of CAS sorties employed by each side are a major model input.

The basic model outputs , which are used as measures of battle
outcome , are FEBA movement , dis tance and ra te , and the size
and combat effectiveness of the forces on each side as a

function of time . The size of the remaining forces is a

measure of the a t t r ition ra te sustai ned ; the f rac t ion  of

these forces (troops ) that are ineffec t ive is a function of
the prompt and delayed e f f e c t s  of nuclear rad iation , as well
as the casualties sustained due to conventional weapons.

3.2.5 Model Utility

This model is relatively small considering it is a computerized
model of a sector-level (several c1ivi.~ions) combined-arms land

battle. It is composed of only about 2000 FORTRAN statements

(sf2 000 cards or one box of cards), and requires only 300 input
values. As for computer time per run , it takes about 30 CPU

(central processor units) seconds on a CDC-6600 computer to 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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model a ten—da y war involving bijateral use of nuc lear
weapons. Under i : m i n u l  conditions , this program could probably

be i m p lem en t e d  fo r  use by a new user  and be op e r a t i n g  w i t h  a
! L W  da ta base in less th an a mon th of calendar t ime .

It appears that even though thi s model has ce r t a in  lim itations

due to its omission of tactical air (except CAS) and air

d e f e n s e  forces , it  can s t i l l  be e f f e c t i v e ly used in s e n s i t i v i t y

analyses  of land combat involving conventional and nuclear

weapons under certain conditions. That is , this  mod el is

applicable for investigating the initial phases (short period

of time--several days) of such a conflict before the deco-

s t r i k e  miss ions  would beg in to have any pronounced e f f e c t  on

the  ground w a r .  Fu r the rmore , the inpu t  number and r a t e  of

CAS sorties should be commensurate with the expected losses

to enemy a i r  de fenses  in the f oc w ar d  ba t t le  area .

As fo r  other  possible a p p l i c at i o n s , s ince the L&A TAC NUC

model only models one sector of an ent ire theater f r o n t , it

might  be used to p e r f o r m  ca lcu la t ions  for  several ad jacen t

b a t t l e f i e l d s  (or s e c t o r s ) ,  each havine  d i f f e r e n t  forces ,

r a t ios , t e r r a i n s, e t c . ,  and d i f f e r e n t  FEBA movements  and

force losses. In this way , real istic , uneven force deploy-

ments and FEBA movements (bul ges in the line) could be

simulated . h ow ever , in: some instances , th is mode of model

usage would r equ i r e  the q u o ~:t ion  of “ C : n  f l a n k s ’ to  be

addressed and taken in to  acen ir t .

*
3.3 DWEEPS MODEL

Th e DWEEPS model , developed by Lawrence  Livermore  Laboratory

( LLL), is considerably different t ie - ni the two computer models

*

See also Appendix B, Part II.
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discussed above. That is , it is not a completely computerized

combined-arms , land combat model; instead it is a player- or

user—assisted , nuclear weapons effects computer model [1-9].

In essence , this  model s imulates the acquis i t ion  of enemy
ground troops , and the employment and effects of tacti-

cal nuclear weapons on a predetermined , moving target
array. As a result, this model can effec tively be used to
evaluate the impact of the initial employment of tactical

nuclear weapons (e .g., ar ti l lery launched) on a conventional
*

land combat conf l i ct . It has been used at LLL to investigate

rel ationships among mil i t a ry  e f f e c t s, collateral damage ,
weapon system character is t ics, and employment doctrine .

3.3.1 Basic Description

Bas ically, the DWEEPS model superimposes a one—sided nuclear
attack on a predefined conventional land combat; it does not

simulate  the conventional conflict. The position time

histories of all the enemy forces , as determined from some
other source (other model , map exercise , etc.) are inputs

to DWEEPS along with the fixed position of civilian popula-
tion areas. Using this informa tion as a data base , the

model determines (through a simulat ion process) which targets
are acquired and identified, and oresents the results to the

user as a function of time . Based on this target acquisition

time history, the available nuclear weapons , military objec tives

*LLL has completed work on a new veis ion  of the DWEEPS model ,
which is designed to operate on a special interactive video-
graphics computer (XDS Sigma 7 computer with interactive
video-graphical input/output capability). The version of
DWEEPS discussed here is the earlier version that operates on
a standard digital computer system (e.g., CDC 7600 with no
special peripheral equipment other than a plotter).
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an ~1 employment  c o n s t ra i n t s  Jiri . t uct r  m e , the  user  selects

t aru et s  f o r  h i s  nuc 1 ear  weap uns cons is tin; of  weapon a im —

p o i n t s  and t imes  of  ~niplOyr uCi ~ . P eO n  in p ut i ri g the selected

w~~aoons employment plan , tn~ moe ci t hen s i m u l a t e s  the nuc lear

at t a c k  a r i d  en i c ul a  t s the en oIty t icop a u ]  c iu i  rnen t  losses ,

and collateral civilian casualties and i~onac;e.

The Dt~E EPS model  i~ nominally oou fiuure-d to handle a one to

two division land conflict over a 30-km front , wi th the

minimum size of the unit accoented lur being a platoon (tank

platoon , infartry platoon , etc.). Basically, the model uses

both time-step and Monte Carlo mathematical processes. The

movement of f orces , the time tb~ enemy forces (units) are

acquired , and the time the  we nons are  cal led fo r  are  deter-

mined in a time—step fashion every 5 m m .  However , the

actual number and location of the eneny units acquired , the

a:tual arrival time and cieto~~~tion location of a particular

nu c l e a r  weapon , etc., are determined by a Monte Carlo process.

As a result , each individual run represents a single possible

outcome ; several different c omp ut e r  iuns for the same situation

are made to de te rmine  the exuec  ted outcome .

3.3.2 Key Elements

As ind ica ted above , the  ke\ elements or forces accounted for

in this model are the enemy y r o u n d  u n i t s , the c i v i l i a n  popula-

t i o n  cen t e r s , the nuc lea r  weapons  av a i l a b l e , and the nuclear

employment plan or doctrine . Foi: t he  most pa r t , al l  of the

major elements for the enemy forces are taken into account

except for his tactical air force ann  doc t r ine  in response

to a nuclear attdck . However , non e n t  the ma jo r  elements

for the friendly forcc s are taken into io-cc int except the

n u m b e r  and type  of  a v a i l ab l e  n u c l e a r  weapons and the usaqe

i f
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doctrine (which is input by the user). As for the battlefield

environment , only the location of the civ i lian populat ion
centers are considered ; weatben and terrain effects are not

modeled directly (although the input enemy force movements
may have accounted for them )

3 . 3 . 3 Events Simula ted

As shown in Table 1-2 , the majo r events simulated directly
by the DWEEPS model are acquis ition of enemy targets  and

f ir ing of nuclear weapo ns (employment of nuclear weapons and

nuclear weapons effects) . The other three major events--

namely , ( 1 ) force movement , (2 ) communication and decision
processes , and ( 3 )  rein forcemen t, resupply and recovery

*

operations (after the nuclear attack)——are not simulated .

As a result, no interact ion be tween enemy forces  and f r i e n d l y

forces (nuclear ) is modeled .

3 . 3 .4  In puts/Outputs  and Measures

As stated above , the major inputs to this model are the

numbers and d i s t ribut ion  of a ll  the enemy grou nd fo rces as

a f u n c t i o n  of t ime , and the loca tions af al l  the c ivi l ian

population centers. In addition , a map of the ba t t le  area ,

al though no t necessary, is helpful in developing the weapon
employment plan once the target acquisition data become
available. Also , to develop the employment plan, templates

representative of the size of the area that will be affected
by each type of nuclear weapon are additional necessary tools.

*The new interactive video-graphics vers ion of DWEEPS does
alter the input enemy force movements as a function of the
e f f o r t s  of the nuclear  attack.
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These are used to help the planner target the weapons for

maximum coicraqe of those targets acquired , and at the same

time minimize the risk of collateral damage to the civilian

pop u lace .  
-

The model measures the success of the nuclear attack in terms

of the military and civilian casualties , and losses and damage
to enemy equipment that result from prompt nuclear radiation ,

therma l radiation , and blast. That is , the model determines

exactly which enemy force and civilian population centers are

affected by the nuclear detonations.

The targ ets k i l led  or dama ged may or may no t be those targe ted ,

depending on the movement rates of the forces , the s iz e of

th e target acq uis it ion errors , and the del ivery acc uracy ,

delivery time and yield of the specific detonation (as deter-

m ined by a Monte Carlo process) . The specific forces des troyed
or damaged will be those that are inside the weapon ’s e f f e c t i v e

reg ion at the t ime of the detonat ion .  This may well  incl ude

unseen enemy forces . These damage calculations account for

multiple weapon effects where applicable.

3.3.5 Model Utility

The DWEEPS model is relatively small , uses li tt le  computer

computation time and is relativel y easy to opera te . The basi c

program consists of about 1000 FORTRAN statements (i.e., 1000

cards ), and requi res  about  700 inpu ts , mos t of which  def ine

the locations (coordinates) of the enemy forces as a function

of t ime , dnd the location and size of the civilian copulation

centers. A s-hr battle in which 20 nuclear weapons are

em p loyed typically requires only about a minute of computer

time per run (CDC 7600) ; however , the development of the
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weapons ’ employment plan (after the model presents the
target acquisition information) may take up to an hour or

two, depending on the experience of the user , the number and
types of weapons to be emp loyed and the particular employment
doctrine . With the new interactive video-graphic version ,

the entire simulation can be performed in about 10 m m .

As for implementing the model for use by a new user and
prepar ing the mi l itary and c iv i l ian  data bases , this  can

probably be accomplished in about two weeks to a month. This

time depends on the form of the target array and the particular

computer facilities available to the user.

It appears that the DWEEPS computer model could be very useful

in assessing the impact of the initial introduction of the

tactical nuclear weapons into a conventional land combat.

It could he used as an effect ive tool , in conjunction with a
map exercise or computer model simulation of the conventional
combat , to answer such questions as: At what point in time

in the conventional battle would the introduction of nuclear

weapons be the most effective , and what level of employment

(numbers and types of weapons) would be sufficient to stop
the enemy ’s advance?



--
~~~~~~

- ;-—--
~
------

~~
- - - - - - - -- - - --- ----

~~~~
-
~~~~~~~~~~

- - -- - -.—- - - - - — - - — 
~~~

-
~~~~~

-- --
~~

- - -- -- -

SECTION 4. OBSERVATIONS AND POTENTIAL APPLICATIONS

To invest iga te the subjec t  of land combat invo lv ing  the
possible employment of ta ct ical nuclea r weapons , one needs a
model that will take into account all or most of the key

elements and eve nts occurring in theater-level warfare.
Moreover , i f  the model ’s p r i m a r y  use is to be tha t of

p e r f o r m i n g  s e n s i t i v i ty  and tradeoff ana lyses conce rning the
employment of tactical nuclear weapons , then it  mus t  be easy
to run  in a p a r a m e t r i c  f a s h i o n  and not consume large  amounts
of computer  t ime . The model should be one tha t  can be r e a d i l y

imp l emented and used w i t h  a reasonable expenditure of both
man power and computer power.

For a model to have util ity (especially for the nondeveloper
user), it mus t be manageable in terms of its program size ,

required data , number of inputs , etc . The model should not

be so large or compl icated tha t the user cannot fo l low the

program flow . He should be able to find exactly how and

where the var ious elements and events are simulated or calcu-

la ted wi thin the program so as to be aware of the model ’ s

built—in assumptions and limitations and employ it properly.

All of these requirements lead to models that treat mil itary
force components and interac t ions in a more aggregated method
than do the more detailed and complete land combat models.

Consequently , one cannot expect such models to s imula te  a l l

of the major fa ctors of combat realistically or to the same
level of detail. In models that meet the utility criteria

mentioned above , it is especially difficult to simula te
certain elements and events because they vary considerably

as a function of time and space. For example , the FEBA does

not move in a s t r a ight  l ine ; t e r r a i n  and wea ther  can have
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wide fluctuations within a theater—wide area ; and C3 is a
complex aspect of w a r f a r e , not easi ly simulated in any
computer model. In addition , if one is performing tradeoff

analyses concerning tactical nuclear weapon employment options

and yields , it is desirable that the simulation provide infor-

mation concerning the associated civilian collateral damage

and delayed casualties. Therefore , it should be recognized
tha t  the more aggregated types of models do have certain
l imi t a t ions as to their  real ism, and cannot be used to provide

definitive numerical results. However , they can be employed
to investigate strategies and options in a comparative way

and to examine some of the factors that drive the outcome
of the battle.

Each of the three models discussed in the previous section

is one that can be relatively easily implemented by outside

users to perform sensitivity investigations of some of the

key aspects of conventional/tactical nuclear warfare.

COMBAT II models the entire theater-level war , L&A TAC NUC simu-
lates a sector-level combat , and DWEEPS models only the nuclear

portion of a division-level battle. Consequently, each pro-

gram is particularly applicable for investigat ing certain

aspects of warfare involving the employment of tactical

nuclear weapons.

COMBAT II is particularly suited for examining conventional

and/or tactical nuclear warfare at the theater level in that

it accounts for (in an aggregated manner) most of the key

elements and events. Its ease of operation , fast running

time , and flexible form of output make it a very convenient

tool for performing sensitivity analyses and determining the

key drivers for combats ranging from a few days to several

weeks. However , it does not assess civilian collateral

41
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damage nor take into account the delayed casua l t i es  caused by

nuclear rad iat ion e f f e c t s .  The L&A TAC NUC model is also
easy to implement ; but , because of its omission of tactical
a ir (except CAS ) and air de fense , it is p r i m a r i l y  applicable

for  investiga t ing  the f i r s t  few days of a con f l i c t, before
any deep-strike missions would have a pronounced effect on

the ground war . By using the model “in parallel” to perform
calculations fo r several ad jacen t  sectors , each having

d i f f e r e nt force rat ios, deployment , terrain , etc., one could
obta in a more realistic representation of the uneven nature
of FEBA movement across a theater front. For this application ,

the question of “open f l a n k s ” would then have to be considered
and taken into accou nt .

The third model , DWEEPS , differs considerably from the f irst
two models in that it is primarily a nuclear weapon effec ts
model in which the user develops a one—sided nuclear attack

against a predefined conventional battle. Using the positional

time h istories of the enemy forces , the model s imula tes  the

acquisition of enemy units and presents this information to
the user as a function of time . Based on these data , the

user develops a nuclear employment plan; the model uses this

plan and simulates the specified series of nuclear attacks ,

calculating the losses to enemy troops and equipment as well

as the collateral civilian casualties. Thus , th i s  model is

particularly useful in assessing the impact of the initial
introduction of tactical nuclear weapons , determining the

time at which their introduct ion is most effect ive , and
estimating the level of tactical nuclear weapons required in

the context of examining the dual criteria of mil itary
effectiveness and civilian casualties.
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SECTION 1. INTRODUCTION

In performing the research for comple ting the study of land
combat models reported in Part I, the following facts became

apparent:

• There are a large number of land combat models.

• Models that simulate combined—arms warfare are complex

by the very nature of the complexities of the combat

they replicate.

• Because of these complexities , such models are
dissimilar in structure, content and util4ty , and
hence are difficult to describe and compare .

• A model’s value cannot be assessed in an absolute

sense per se; it is in large part determined by its

applicability to a particular analysis.

Thus , finding and selecting one or more land combat models that
are suitable or easily adaptable for a given study can be a

formidable and time-consuming task. Not only is the number of

existing models very large but often it is difficult to readily

determine a model’s primary capabilities and limitations.

Moreover , the group of land combat simulations actively used
within the defense community changes from year to year , as

new models are developed and old models are expanded , combined ,

and renamed . For example, the latest edition of SAGA ’s “Catalogue
of War Gaming and Military Simulation Models ” [11-1] lists more

than 150 simulations and models , of which only half are listed
in the previous edition.

47



_ -~~~~~~~~~~~~~~~~~~~ -—~~~~ - - -_ -

For the prospective user of combat models to pick one ~r more

models that are suitable for his requirements (or capable of

being readily modified ) , he must have available basic descriptive

da ta on the model ’s characteristics that will help him to zero—in

on those that appear most promising . To have utility , such
description s must include a greater level of detail than exists

within the current catalogue approach (SAGA) and must be stan-

dard ized enough to delineate model differences. Therefore ,

the approach in th i s  second par t  of the s tudy of land combat
models is directed towards solving the above-noted problems .

The obje ct ives are :

• To develop a generalized methodology to illuminate

in a concise and convenient format the basic attri-

butes , capab il i t ies  and lim it a t ions of land combat
models.

• To test the use of the methodology as a screening

mechani sm to aid in the selection of a model (or
models ) to study aspects of land combat of p a r t i c u l a r
interest to DNA .

As is noted in Par t I , in order for  a land combat model to be
described as “complete ” it should include or account for all

of the major elements and events. Clearly, ro computer  model
can embody al l  of the pr imary facets of combat , or model them
to the level of detail and fidelity desired by all users. But ,

to have utility for the analyst , the  model mus t achieve a
satisfactory compromise between the practical cons traints of
man power , computer power . calendar time and cost , and the

desire for simulation integrity .

These two sets of requiremen ts are usually reconciled by the fact
tha t  most s imu la t i on  models are developed to serve a p a r t i c u l a r

study address ing  a spec i f ic  set of ques t ions  or options .
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Consequently, those phases of combat most important to the
understanding and analysis of the part icular problem are
usually modeled more completely. Aspects that are irrelevant

to the required simulation and analysis are often omitted , and
those that can be adequately treated in a more aggregated or
approximate method are so modeled . Therefore , answering the
question of how “good” or “complete ” a model is , is not a
simple or straightforward task . The answer depends on the

analyst’s particular application and whether the model incor-
porates the key elements and events which must be included in

the simulation for it to be valid for his analysis.

It was concluded that to best serve an analyst who needs to
obtain a first-order description and assessment of the cap-

abilities , limitations and utilities of land combat models ,

the information should be presented in a compact , matrix—
type format. This would consist of a table in which the first

column would spectfy a list of model descriptors and attributes ,

and each subsequent column would be used to define a particular

model in terms of these characteristics. Consequently, the
resulting matrix could be used in dual fashion. That is, it

would provide the reader with an overview of a particular model

as to what it included and its methodologies. In addition , it

could be used as a screenina mechanism to enable a pro~pect±ve

user to identify the group of models that included the components

and features required for this study and were worthy of further

investigation . The specific matrix methodology developed for

this model comparison task is discussed in detail in the following

section , Section 2.

In applying this matrix comparison methodology to selected examples ,
models were chosen that represent each of the following classes

of land combat: simulations involving the employment of 1) only

conventional weapons , 2) only tactical-nuclear weapons , and
3) mixed combat that included both conventiona l and tactical
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nuclear weapo ns. Beca use DNA ’s prim ary interest lies within
th i s  th i rd  ca tegory , two a d d i t i o n a l  examples were drawn f rom

the las t  group and examined us ing  t h i s  approach .  Each of these

five models (listed below ) are described in the matrix (p. 49)

and in appendices , (A through E) and are f urther discussed and
compared in Section 4.

Conventional: LULEJIAN I — a two-sided theater—level conflict

invo lv ing  ground arid a ir  elements over a 3 0 — 9 0
day period.

Nuclear :  DWEEPS - a w e a p o n - e f f e c t  model designed to assess

the initial employment of nuclear weapons on a
prede fined  conventional moving target  a r r ay  for
a corps/division f r o n t .

Combined: COMBAT II - a highly-aggregated deterministic flow-

ra te  model des igned to examine parame tr i ca l ly  the
interactions and weapon t r a d e - o f f  opt ions of

opposing ground and air combined arm s forces .

L&A TAC NUC - an att acher ve rsus defe nder simulation
developed to investigate the battl efield employ-

ment of conventional and tactical nuclear weapons.

JEREMIAH - a high—resolution Monte Carlo model

(currently under developmen t) which s imulates the
interactions of small units and major weapon

systems within a battalion-sized area over a

period of hours.

In addition five other models which have the capability to
simulate various portions of a combined nuclear and non—nuclear

batt le, and which are currently in use by the ana ly t i c  community ,

are also examined , but in less detail. They are CASCADE III ,

DIVWAC,/QTEM, MAFIA , TANREM , UNICOFN ; these are descr ibed b r i e f l y

in Appendix F.
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SECTION 2. DEVELOPMENT OF MATRIX METHODOLOGY

2.1 ORGANIZATION OF MATRIX

The i n i t i a l  task in formula t ing  a mat r ix  was to attempt to

define the key aspects of combat that are relevant and important

ir the simulation of both conventional and tactical nuclear
combined-arms combat. The resulting set of descriptors that

comprise the vertical axis of the matrix had its genesis in

the work undertaken in Part I. The major model elements ,

events , characteristics and capabilities identified then were
used as a starting point to develop a more comprehensive and
detailed set of model attributes . To aid in developing this

more detailed and inclusive list , suitable for describing
simulations of conventional—only, tactical—nuclear—only , or
mixed conventional/nuclear combat , models were identified that

belonged to each of these three categories. These models ,

listed in Table 11-1 , are ones prominent in the analytic com-

munity , either because of their newness , current appiicability ,

or significant utilization in the past. Documentation was

subsequently obtained on many of these programs and provided
additional source material for establishing the final set of

over seventy model descriptors {II—2 through 11—33]

The individual descriptors , which logically fall into one

of seven major categories, are grouped on the matrix under

one of the following headings or subheadings :

• General Characteristics

• Environment

• Combat Participants

- Ground Combat Elements
-. Air  Combat Elements
— Air Defense Elements
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• Support
— Logistics
— Command , Control , Communicat ions

• Combat Functions and Events

- Actions and Events

- Weapons Employment and E f f e c t s

• Outputs

• Model Utility

2.2 MAJOR CATEGORIES AND THEIR DESCRIPTORS

The ordering of these major categories and the individual
descriptors that comp rise each group is sequenced on the matrix
in much the same fashion as would be used by a model designer
in giving a verba l overview of his model. Taken together ,
the attr ibutes listed under the f i r st two categories are
intended to define a model’ s basic characteristics as to its
scope , type , level of conflict simulated , mathematical method-
ology employed , and the f idelity of time and space representation
within the model. The specific items included are:

General Charac ter i s t ics

Conflict level

Conflict representation
Smallest element resolved

Decision point process

Typical conf l i c t  dura t ion

Simulation time-increment

Treatment of probabilistic events

Primary attrition methodology

FEBA movement methodology

Geometric representation

Element locations represented explicitly

Implicit geometry of elements

Optimizational aspects
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E n v i r o n m e n t

Terr ~i i  I l

Road n e t w o r k s

Natural obstacles

Weather

rfime of day or day/night

Civilian ponulation centers

With this overview of the characteristics and nature of the

m odel established , the key elements and events defined within

the next three major categories can then be put in better

perspective. The combat elements are identified in terms of

the various types of force units , major weapon systems or

suppo rt systems as fo l lows :

Combat Particicants

Ground Combat Elements

Armor
Infantry

Artillery

Ant ia rmor

Reconnaissanc e
Aggregated combined-arms unit

Air Combat Elements

Close air suppor t aircraft
Deep st rike a i r cr a f t

Air  de fense  suppress ion a i r c r a f t
CAP , sweep, esco rt a ircraf t
Reconnaissance aircr a f t
A irbases

Air Defe nse Elements
Surface—to—air missiles

Air defense art i llery
Air defense air craf t
Agg regated ai r defense unit
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~~pport

Logistics

Men, equipment, depots

Modes and routes

Nuclear storage sites
Command , Control , Communications Elements

Communications equipic~ nt

Communications network

Command centers — ground and/or airborne

Once these combat and support elements are delineated , the

next logical step is to categorize their actions and inter-

actions and the resulting events that may occur during the

course of combat. These are addressed in terms of the follow-

ing model descriptors :

Combat Functions and Events
Actions and Events

Ground force tactical actions

Tactical air  actions

Suppression of direct fire weapons
Suppression of indirect fire weapons
Suppression of air defenses
Intel l igence

Target acquisition
Communications process

Electronic warfare

Ground force action dec isions
Tactical air allocation decisions
Disruption , delays of command process

Resupply of men and equipment
Employment of reserves

Breakthroughs/open flanks
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Weapons Emp loyment and E f f e cts

Convent ional
— Small arms

Direct fire
Indirect fire
Aggregated ground force weapons
Surface—to-surface missiles

Surface—to-air

Air-to—surface

Air-to-air

Nuclear

Radiation, thermal and blast effects

TAC air-delivered

A r t i l l e r y

Surface-to—surface missiles

Atomic demolition munitions
Other  nuclear  e f f e c t s

A description of a land combat model specified in terms of all
of the individual attributes defined above should permit one

to form a fairly well-defined picture of the capabilities and

limitations of any particular model. However , the appl icab i l ity
of a specific simulation to a given problem is also determined

by the type and level of information the model provides con-

cerning the course of the simulated conflict and its eventual

outcome . The next major matrix category identifies those

primary outputs typically generated by combat models. These

are :

Outputs
Force Size/Disposition

Attrition
Personnel
Units
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Major weapons

Support resources

Collateral Damage

Delayed Casualties

FEBA Movement/Representation

Although these parameters represent the major measures of combat

effectiveness that are usually of interest to analysts , they
are by no means the only output information typically provided

by simulations. In most models , additional and more detailed

data results concerning combat elements , events , and interactions

are also printed or available to the user as printout options .
Furthermore , any parameter calculated within a given program
that is of interest can be included as part of the output if

one is willing to invest in additional programming .

The remaining category , entitled Model Utility , concerns the

practical aspects of using a specific simulation . It attempts

to define for the potential user the ease with which a model

can be implemented and the extent to which it has been used

thus far . The following descriptors are used :

Model U t i l i t y

Programming Language
Computer Used

Program Size (number of statements)

Program Storage Requirements (number of words)

Acquire/Structure Inputs (mariweeks)

Typical Running Time on Computer in CPU Seconds

Documentation

Extent of use by Developer/Proponent

Extent of use by Non-Developer
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It FF.’~~~a- (iF-~cICIOd that for this matrix approach to be of greater

u ti l i t y  it. should provide  mo r:e than a simple ayes ” or “no ’

answer as to whether a model includes a given component or

at tr i bute.  T h e r e f ore , a more expl ic it format was devised .
How~~,F~cr , the graduated legend employed in this matrix is not

~ntanded to be a definitive grading system that can be used

in effect to rate and compare models in an absolute sense .

The basic int ent  is to indicate to the reader , in a qen c -r il

way , the level of detail to which a model simulates the nartic-

ular facets it includes. Four generic levels of detail were
selected to define the extent to which a g iven attribute or
component is modeled; if i n fo rmation was no t a v a i l a b l e  or the

desc riptor was inapp ropriate for the partic u lar model , th i s
was also indicated . The associated symbols used on the matrix

are as follows :

Not inc luded .

— Nominally included; modeled to a limited decree .

Included ; modeled in an aggregated way but

accounts fc~ most of the major aspects.

• Included ; modeled in cons iderable  d e t a i l .

Accounts  fo r  a lmost  a l l  of the m a j o r  asoects .

Information unavailable.

N .A .  Not appl icab le .  

- 
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Examples of the meaning and interpretation of the three graduated

levels of modeling detail will be given in the context of dis-

cussions of the individual model descriptors.

This subjective appraisal of a model’s level of detail is

unavoidably somewhat arbitrary and hence imperfect. However ,

it is felt that this approach is justified because it does

help to identify and define the areas and general levels of

detail included in a given model and allows the information to

be presented in a compact format.

An additional caveat to be noted regarding this form of model

description is that in using a completed matrix one should

not assume that those models with many black circles are some-

how inherently “better ” or give more valid results than those
simulations in which many components are modeled in a more

aggregated fashion . The identification of appropriate models

is highly dependent on the study requirements and the type of

analysis to be performed. For some types of tradeoff analyses,

the more aggregated models that include to some degree almost
all of the major combat elements are of greater utility than

those that cover a majority of the components in more detail ,

but completely omit, or include only nominally others.

The significance and interpretation of this “calibrated” symbol-

ogy, as applied to a specific attribute will become clearer

from the commentary that follows concerning the ind ividual

descriptors . In those cases for which this type of indicator

is inappropriate or uninformative (e.g., some parts of general

characteristics and model utility) , a word or phrase is used

instead to characterize the model ’s attribute. The following

subsections contain brief explanations of each of the model

descriptors that comprise the vertical axis of the matrix.
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2 . 4  DEF INI TION OF INDIVIDUAL DESCRIPTORS

2.4.1 General Characteristics

The descriptors listed under this category have to do with

the type of combat being simulated and the mathematical

methodology being employed . In completing these entries for

specif ic models , words rather than a symbol have been used

as indicated below .

Conflict Level. This entry is used to define the

highest or typical level of the cc- ~t that the model simulates , F

e.g. , theater for a theater—level combat or battalion for an

engagement between two battalions .

Conflict Representation. This descriptor is used to

define whether the military forces of one-side or two-sides

are simulated in the model. One-sided simulations are those

in which the force movements and actions of the other side

have been predefined prior to running the model , and are

supplied to the simulation as part of the data ba~e or program

input. This entry also identifies whether the representation

is symmetrical or asymmetrical. If all of the input data for

the opposing sides can be reversed , and the simulated outcome

for each remains the same , the model is termed symmetrical ;

if in the simulation one side .~ predefined as the attacker

and the other as the defender with the forward edge of the

battle area (FEBA) able to move in only one direction , the

model is considered asymmetrical. Similarly, models for which

the data and force representation for the two sides cannot be

interchanged because of input limitations would also be classed

as asymmetrical.
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Smallest Element Resolved. This refers to the smallest

force component manipulated and evaluated within the model.

Although the input data may be at an even finer level of detail ,

the level of aggregation used within the program for keeping

track of units and their disposition is specified here .

Decision Point Process. The procedure by which major

decisions are made to define successive actions in the simu-

lation can be internal to the program , specified by the user ,

or some combination of both . This descriptor is intended to

indicate the degree of user—control in defining or selecting

action options. The four general types of decision processes

identified are as follows :

• The user inputs a sequence of actions and options ;

• The actions are derived from the program ’s internal
logic;

• Any decisions are a result of a combination of user

inputs and internal program logic ; and

• The user and model operate in an interactive mode ,

with the user making decisions as a result of the

model’s simulation results to date .

Typical Conflict Duration. The duration for which the

combat is usually simulat~ed , e.g., a 10-day war, or a 2-hour

engagement. The meaningful~mnaximum value for a given simulation

is generally set by implicit model constraints . For example ,

a model that does not include logistics support for the resupply

of men and equipment would have limited validity in simulating

a 30—day conflict.
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Simulation Time-Increment. The method and increment

by which simulated time is advanced within the model. The

mos t commo n method is a f ixed  t ime-step,  which  may be any th ing
from seconds to days , depending on the model .  However , if the
model employs a flow-rate methodology to simulate the conflict ,

the time step may be thought of as essentially continuous.

In this type of modeling a set of coupled differential equa-

tions def ining the interac tions of elements and events is
integrated as a function of time . A third and less common
model ing procedure sometimes used to advance time is based
on the occurrence of events. This method advances model time

in irregular increments coinciding with the occurrence of
events of interest , and is identified in the matrix as event—

stepped .

Treatment of Probabilistic Events. This model charac-

teristic is of particular interest because the method in which

a model handles probabilistic events determ ines whether or not
the simulation must be run a number of times to obtain valid

results for a given set of initial conditions . If the model

uses expected value probabilities in determining the occurrence
of events , the results are established by these fixed values
and will be repeatable for a specific set of input conditions.

However , if a probability distribution is employed to describe
the likelihood of an occurrence and the particular value used
is selected based on a random number , then the process is

described as a Monte Carlo procedure and will require a number

of simulation repetitions to obtain a meaningful average . The

entry of expected value or Monte Carlo for this line indicates

which probabilistic modeling method is used .
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Primary Attrition Method. This line entry is intended
to indicate the general level of detail employed in calculating
the a t t r i t i o n  of the pr imary force components included in the
model. For this matrix four methods of calculating attrition

in increasing levels of detail are defined :

• By input (e.g., 0.01 losses per sortie) . F

• Using firepower or combat capability functions .

• Using 
~K 

and weapons e f f e cts at an aggregated level.

• Using 
~K 

and weapons effec ts at a detailed level.

FEBA Movement Methodology . The various methods and

procedures used in models to determine FEBA movement are
d if f i c u l t  to d e f i n e  exp l ic i t ly  in a concise manner . However ,
it appears that one fundamental di f f e r e n c e  which is meaning ful
to the analyst is whether the movement is determined from a
firepower—based combat capability function , or is based on the
attrition to the two sides. This basic distinction is made

for this desc riptor .

Geometric Representation. The way in which space

(geometry) is defined and used in a simulation . The most

familiar is that of specifying an area in which force elements

and places are explicitly located in terms of some coordinate
system , such as la ti tude and long itude , x and y posit ion or
the like . In some models the area is d e f i ned in terms of a
square or rectangular geometric grid of a given number of rows
and columns , and elements are located only as being within a
certain grid square rather than at a precise coordinate
location. In either case, the use of this kind of geometric
represen tation in a model is identified on the matrix as

“position locations represented explicitly .”
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However , even models that have no di rect method of s p e c i f y i ng

geometry or force  element locations o f t e n  contain a cons iderable

degree of built-in ‘ implicit geometry .” In these simulations
the designers have def ined  and modeled wh ich force elements ,

uni ts , and weapons can interact wi th  those of the opponents.

Thus short-range weapons exchanging fire with enemy forces

must be at the f r o n t ; airbases, subjec t  to attack on ly by
long-range bombers or missiles , must be located in the rear ;

and those forces safe from all enemy action are presumably
in sanctuaries.

Optimizational Aspects. Because of the complex inter-

actions of comba t elements and events , the analys is  of various
force mixes , opt ions and strategies can often enta il a parametric
s tudy e f f o r t  of almost unmanageable proportions. To reduce the

magnitude of such investigations , models may employ some type
of optimizational procedure for a particular preselected set

of parameters and predefined qoal or payoff. Depending on the

type and purpose of the optimization , a simulation may provide
for this procedure to be invoked at the option of the analyst ,

or have it as a fixed built-in feature of the model. It is

not feas ible w i t h i n  the ma t r ix  fo rmat to def ine the pa r t i cu lars

of the variables and facets of combat being optimized or their

importance within the model. The intent of this descriptor is

only to indicate if any form of optimization is included , even
in a res t r ictive sense of a t t empt ing  to max imize  or mi n imize
some subset of interactions or allocatable resources that are
not direct measures of the outcome of the combat. Optimizational
procedures can serve to assure that the simulation results are
not biased due to poor choices or decisions by the user concern-

ing the interactions being optimized . Thus , they help to
establish the upper bound of a force ’s capabi l i ty  wi th in  a

given context , and thereby reduce the number of variables a
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user must investigate to determine the best mix for a given

payoff. As would be expected this advantage is not free , and

in this case the cost is measured in terms of increased program

running time .

2.4.2 Environment

The major category , Environment , consists of six descriptors.
These a ttr ibutes in con junc t i on wi th  those listed under general
characteristics provide a f ai r ly good indication of the model’ s
overall  leve l of de ta i l , both for  i ts required in i t i a l  data

base and simulation of combat . For these components and most

of the others tha t  fo l low , the symbol format is emp loyed to

indicate the degree to wh ich the facet is modeled . Examples

of what is represented by some particular symbol are included
to help calibrate the reader to the symbol system .

Terrain, Road Networks, and Natural Obstacles. Although

in principle these first three tangible environmental character-

istics are f a i r l y  easy to d e f i ne , their realistic representation

within a model is usually costly in terms of increased program
size a-~~ running time . The inclusion of fairly detailed terrain

fea tu res, roads and obstacles permits the model to simulate

appropriate rates of advance of forces. Thus , the model may
account for choke points , such as bridges or road passes that
channel and possibly retard troop movements , and barriers , such
as mounta ins , lakes and rivers that inhibit troop movement
in certain directions. If these environmental characteristics
are included in a model in explicit geometric format , a solid
circle would be used on the matrix. However if the terrain is

represented in some very- aggregated and approximate manner

(e.g., sector one is rough , sector two is smooth , etc.), or

the user inputs average rates of advance , then these character—

istics would be classed as nominally included .
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Weather and Time of Day or Day/Night. These two

characteristics of environment are seldom modeled in detail

or even explicitly addressed in most land combat models.

However , if for  examp le the user can specify various acquisi-

tion fac tors in a manner that can represent performance under
various weather conditions and time of day , then the simula-

tion would be considered to account for  these aspects of
environment in a nominal fashion .

Civilian Pgpulation Centers. In models that simulate

weapons e f f e c t s  in some de ta i l , assess col la tera l  damage ,

and possibly employ log ic to determine weapon employment tha t

minimizes collateral damage , the inclusion of civilian popula-

tion centers is important. Demographic data bases have been

developed that are suitable for any model that represents

position locations explicitly. The inclusion of such data

would be indicated on the matrix as a solid circle. However ,
population treated as an average density distribution over a
corps or larger area would be ind icated as nominally modeled .

2 .4 . 3  Combat Participants

The third major category of the matrix identifies the Combat

Participants and consists of three types of elements : ground
combat , air combat , and air defense. The legend entries in

this sec tion give an indication of the manner in which these
elements are simulated . For example , a nominal repre sentation
of a particular element could refer to its inclusion s imply
in terms of its total number of units (as input) which is used
in some fashion in the model to add to the side ’s firepower.

If its representation employed not only this input value , but
calculated or explicitly accounted for the element’s integral
functions or subtasks (e.g., target acquisition, firing,
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mining, l e tha lity against pa rt i cu l a r  ta rget types) , then i ts
simulation would be termed as aggregated but essentially com-

plete . At the most detailed level of representation , an
element type would be specified in terms of its many single
entities , each with its own location , posture , etc . , and
simulating a particular sequence of actions and interactions
at the weapon versus weapon level. The components within

each of these subsets are as follows:

Ground Combat Elements:
Armor (Tanks , APCs , e t c . )
Infantry (Rifles , mortars , etc.)

Ar t i l l e ry  (Tubes , rockets, missiles)
Antiarmor (Air and ground launched m issiles)
Reconnaissance (Patrols , e t c . )

Aggregated Combined—Arms Unit (Usually includes all

or most of the individual elements listed above .

Used in some of the more hi ghly aggregated models
to def ine  a typical u n i t  instead of spec i fy ing
individual types of elements . )

Air Combat Elements:
Close Air Support Aircraft (Provide air support to

ground combat units)

Deep Str ike A i r c r a f t  (Ai rbase attack , in terdiction)
Air Defense Suppression Aircraft
Combat and Patrol (CAP ) , Sweep , Escort Aircraft
Reconnaissance Aircraf t
Airbases

Air Defense Elements :
Surface-to-Air Missiles (Fixed and mobile units)

Air Defense Artillery (Fixed sites and mobile units)
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Air Defense Aircraft (Interceptor/fig h ter a i r c r a f t )

Aggregated Air Defe nse Units ( Includes all or most
of ind iv idua l  elements  listed above . Used in some

of the more highly aggregated models.)

2.4.4 Support

This ca tegory cons ists of two subsets , Logistics and C3 (Command ,

Control and Communications) . Although both of -these are recog-

n ized as very important aspects of lan d combat , a m a j o r i t y  of
the models simulating combined-arms combat do not include

either of these support systems to any degree of detail.

The subset Logistics is def ined in terms of the fo l lowing

three descriptors:

Men, Equipmen t, Depots. This includes the numbers
and types of troops , weapons , and other equipment which are

moved from ports and depots as reinforcemen ts and resupply
for the combat zones.

Modes and Routes. These f ea tu res  of combat support

are used to d e f i n e  the land and air  vehicles  requi red to
transpor t men , equi pment and supplies , and the specific
logistic routes for those models in which road networks and
terrain are specified in detail. However , typ ica l ly  these
functions are simulated in a nominal fashion (e.g., in terms
of ave rage rates for rein forcement and resupp ly) which may
or may not be subsequently adjusted by program logic according

to calculated demands .

NucJc~ar Storage Units. This descriptor refers to model

representalion of the location and logistics aspects of supp ly-

ing nuclear weapons to the delivery systems . A simulation

used to investigate the details of employing tactical nuclear
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weapons should also include a representation of the

associated command and control release procedures .

The subset identified as Command, Control and Communications
(C 3 ) is used to def ine  the majo r physical components that make
up the communications support systems. These are the Cominuni—

cations Equipment , the Communica t ions  Networks , and the Command
Centers . For simulation of high level conflicts this could

include both ground and airborne C3 systems that are used to
link the command echelons with combat units. The degree to

which a model portrays these elements is dependent upon the
model’ s requirements for simulating the intelligence , acquisi-
tion , and decision-making processes .

2.4.5 Combat Functions and Events

The major category of the matrix entitled Combat Functions

and Events deals with the manner in which the key force and
suppor t elements discussed above interact. Therefore , this

category is of primary importance to a user attempting to
determine whether a model will serve his part~~~ilar set of

analysis requirements in its simulation of the dynamics of
combat. It should be noted , however~~ that some of the
actions listed, al though highly desirable for any “complete ”

combat model , are rarely if ever simulated in combined—arms

combat models. Nevertheless , they are included in the matrix ,

if only to serve as reminders of some features of combat that

are often not simulated . The major catecmory is divided into

two subsets : Actions and Events , and Weapons Employment and

Effects.
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Actions and Events include :

Ground Force Tactical  Action (Advance , envelop , retreat ,
etc.)

Tactical Air Actions (Conduct of missions , f l i ght pro-

files , maneuvers , etc.)

Suppression of Direct Fire Weapons Attacks or other
actions armed atSuppression of Indirect Fire 

~ 
reducinq effective—Weapons ness of these

Suppression of Air Defenses weapons
Intelligence Process (Data collection, processing,

interpretation, and use)

Target Acquisition (Element by element , or aggregated
acquisition)

Communications Process (Time delays , message queuing ,

routing, e tc .)

Electronic Warfare (Electronic interference with

communications, surveillance equipment and weapon
systems )

Ground Force Action Decisions (A ttack , defend , delay ,
etc.)

Tactical Air Allocation Decisions (Allocation of

aircraf t to missions)
Disruption, Delays of Command Process (Due to degrada-

tion or loss of communication capability , key
personnel , etc.)

Resupply of Men and Equipment (Changes in combat

capability and force structure)
Employment of Reserves (Timing and force implications)
Breakthrough/Open Flanks (Effect of these on attacker

and adjacent defender) .

Most of these descriptors are self—explanatory , but a few can
benefit from additional clarification . The first two refer
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to Actions the units undertake , such as advancing towards a

specific objective , engaging the enemy , retreating , conducting

close air support sorties , etc . The Intelligence process

involves the collection , flow and update of information as

provided by the communication process. The effects of

Electronic Warfare on various support and combat elements

are difficult to quantify , and consequently these operations

are not usually modeled in combined—arms land combat simula—

tion . The Ground Force Action Decisions and Tactical Air

Allocafion Decisions refer to the processes of deciding what

actions to take next based on the information on hand ,

objectives and overall  doctr ine.  The assessment of the situ-
ation and the generation of “ orders ” down the chain of command
may be subject to Disruption and Delays. The last i tem listed ,

Breakthroughs/open Flanks , refers to ground force actions that

are very difficult to simulate realistically in computer

simulations both in terms of troop movements and in the

subsequent actions , decisions and deployment of forces.

Because many of these actions and events are especially
difficult to model in a detailed realistic fashion , they are

often omitted , or in some case s included in a nominal manner
in an attempt to approximate the imperfect interactions

encountered in the real world.

The second portion of Combat Functions and Events consists

of the subset Weapon Employment and Effects. This is concerned

with how well or to what level of detail the employment of

various weapons are simulated and their effects evaluated .

This information is grouped under conventional and nuclear

weapon types as follows :

71



Conventional:

Small Arms (Rifles , machine guns)
Direct Fire (Guns, antitank guided missiles ,

recoilless r i f l e s)

Indirect  Fire (C annons , mortars , rockets)

Aggregated Ground Force Weapons
Surface-to-Surface Missiles (Guided and unguided)

Surface—to-Air (Missiles , air defense artillery)

Air-to-Surface (Rockets , bombs , missiles , guided
and unguided)

Air— to—Air (Missiles , guns)

Nuclear:
Radiation, Thermal and Blast E f f e c t s

TAC Air Delivered (Bombs)

Artillery (Artillery projectiles)

Surface-to-Surface Missiles (Guided and unguided)

Atomic Demolition Munitions
Other Nuclear Effects (Fallout , rainout , EMP,

cratering).

2.4.6 Outputs

The sixth category of the matrix concerns a model’s primary
outputs , and represents some of the measures an analyst may use
in performing a tradeoff study or investigating a set of options.

These include :

Force Size/Disposition (Size, location, status of

combat par t ic ipants)

Attrition of Personnel (Force casualties)

Attrition of Units (Composite group consisting of men

and major weapons)
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A t t r it ion of Ma jor  Weapons (Ta nks , aircraft , e t c .)

A t t r i tion of Suppor t Resour ces ( Men , supplies ,

equipment )
Collateral  Damage (Undes i red  damage to area or

civilian casual ties )
Delayed Casualties (Nuc1F ~ar ca-~ual ti s from radia t ion

effects days after initial exposure)

FEBA Movement/Representation

A description of these model characteristics is made in terms

of the standard symbols except in the case of FEBA Movement/
Representation , which is described in wo rds. Beca use in
almost all models the representation of the FEBA is of neces-

sity s ty l i zed  and thus un rea l i stic , in formation about the way
in which a model app rox ima tes FEBA posi tion is of in terest to
the analys t. Therefore its representation in a particular
model is categorized with a short word description. If a

combat model consists of a sing le f ron t , or comba t assessme nt
is performed in some nominal fashion , then the FEBA may be

depicted as a single straight line, representing the “average ”

position across the entire front. However , if the combat area

is divided into a series of adjacent segments or sectors ,

each of which is evaluated separately, then the FEBA may be
represented by a series of parallel line segments. If these

segments are small enough or force unit positions are defined
in a somewhat precise way , then the FEBA may be represented
in enough detail  to , in effect , depict an irregular line.

2.4.7 Model Utility

The final category in the matrix , Model Utility , is used to

provide basic information about the practical aspects of

employing a given program . The intention is to indicate the

computing power and time requirements a user may be faced with
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when utiLizing a particular model . For example , if a model

requires large amounts of computer core , includes assembly

language routines for a different type of computer , or is not
documented and requires substantial amounts of computer time
per case , then its overall utility to a given project may be
greatly diminished no matter how appropriate it appears other-

wise. The following program characteristics are included

wi th in this category :

Programming Language. The most widely used programming

language is FORTRAN , which in general presents a minimum of
problems when implementing a code at a different facility or
on a different type of computer . However , if the model is
written in some other language , or employs assembly language
for even a few of the program ’s subroutines, then substantial
difficulties and delays may be experienced in getting the

program running .

Computer Used. Identification of the type of computer

a program has been run on is also useful in estimating program
implementation time . Converting a program to run on a differ-

ent type of computer may involve delays because of problems
with mathematical precision , program logic statements and
output due to differences in word lengths and compilers .

If more than one type of computer is tabulated for this entry ,

the first one listed is the one on which the program is pri-

marily run .

Program Size. This descriptor is of interest to the

potential user because it serves as a first—order indicator

of the magnitude of the task of becoming familiar with and

us ing a program. Although program length by itself may not
necessarily be a meaningful measure , this entry (the number
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of programming statements to the nearest thousand) does give
an indication of the size of the source program.

Program Storage Requirements. The amount of core

storage a computer program requires when running is impor tant

to a potential user in determining whether the program can be
run as it exis ts on his computer configuration, or whether  it
must be modified to reduce its core size requirements. Models
usually require large amounts of core storage if combat forces
and environmental features are represented in the simulation

in detail. The units used to specify the amount of core vary

among computers ; for consistency on the matrix , all cor e
stor age requirements are given as the number of words for the
computer type initially listed in the preceding entry . This

information , in con j unc tion with tha t given for  the f irs t
three items of th is  ma jo r category , should help to establ ish

the feasibility of ge t t i ng a model oper at ional  on a part i cu lar
computing System .

Acquire/Structure Inputs. The time and manpower require-

ments for developing and struc tur ing a data base , and o ther
required inputs are an important consideration when selecting

a particular model. On the matrix , the time requirements for
this phase of program implementation are specified in equivalent

man—weeks. Clearly the values given represent only average
numbers for typical model applications . In some instances this
time can be reduced if applicable data bases exist and are
available from the model developers or other users. It should

be noted that although this initial investment of time by a new

user may be quite large for some models , much of it may be a
one— time-only task that will serve for subsequent tradeoff and

sensitivity studies involving the same basic scenario , combat

recion and participants .
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I y c al Running Time on Computer. It is not practical

to select a common denominator that would be apprupriate in

defining typical running time for many diff erent models.
Therefore , the program running time is given in computer

F cent ral process ing unit (CPU) seco nds for a typical duration
of simulated time (cycle , sor ties , day )  appl icable to the

par ticular model .

Documentation. The time and effort that must be expended

in lea rn ing  to use a model is c e r t a i n l y  i n f luenced by the

presence and completeness of the model documentation available.
The intent of this entry is to indic ate if such material is
available. If the documentation includes a detailed discussion

of model methodology , program flow and a programmer ’s guide
to prepar ing the data base and program inputs , it is iden t i f i ed
as extensive . However , for those models wi th little or no
documentation , personal communication with the developer may
be the only effective method for learning how to use the model.

Extent of Use. The intent of this descriptor is to

identify programs that have had cons iderable use on the
assumption that the more a program has been used , the more
completely it will have been checked out as to programming

bugs and other anomalies . A further useful distinction for
prospective users is whether a model ’s use has been limited
to the original developer and proponents (i.e., the group for
which the model was designed) , or whether it has been used by
others. Clearly , the successful implementation of a model by

a non-developer user is very encourag ing when one is trying
to determine the feasibility of learning a program and getting
it running within a given time period . However , these cate-

gories should not be interpreted as indicating a model’s basic
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worth or utility; that is , the fact that a model has not been

used much does not mean tha t it is not a good model or has
very limited utility , and is not worthy of further consideration.
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SECTION 3. MATRIX IMPLE ME NTATION

To test and validate the utility of this m atrix approach fo r

describing and defining individual land combat models , and
for serving as a screening mechanism to aid in model selection ,

th is  methodology was applied to several s imula t ions  of current
in terest to DNA . As is shown in Table 11—2 , the f ive  models

selected cover the range from theater-level to less than

division-level conflicts and represent simulations of

conventional—only, tactical--nuclear-only , and mixed con-

ventional/tactical nuclear combat.

Three of the models , COMBAT II , DWEE PS and L&A TAC NUC , are
ones that were previously i den t i f i ed  (Part  I) as being of

p a r t i c u l a r  u t i l i t y  in studies of tact ical  nuclear  w a r f a r e
because they are wholly computerized and can be used in
sensitivity analyses to investigate certain aspects of the
employment of tactical nuclear weapons. JEREMIAH was selected

not only because it is new (c urrently under development ) and
employs a considerably  di fferent methodology but also because
it represents the other end of the conflict simulation spec-

trum , i.e., a short firefight between battalion-sized units ,
modeled in considerable detail. The fifth model , LULEJIAN I,

was selected because it models a theater—level conventional

conflict and thus is concerned with simulating a somewhat

d i f f e r e nt set of elements and events , and because it provides
an interesting comparison with the tactical nuclear model

subsequently developed by Lulejian.

The completion of the matrix for each of these five models

was carr ied out in an i t e ra t ive  f a sh ion , until agreement
was reached on which of the defined symbols “best” represented
the treatment of each model’s attribute. This study and

deliberation included renewing available documentation as

78



_ -_ - — --~~~--- -- -F-- ----- - - -- --~~~-~~ -. - ---~~~~~ —-- - -~~~~~~

.
~~F-.) C)

CC
-~~

S _J F-F-F F_-F

~Z -F L) -~~
~~ LI F-f) ~~C) Fl)  -~~ < ~~-1 C)
— C) ~~ F..) U. C) LI

C) -. ~ øl C;)
.~~ .~z -J -~ LI - I--Fl
UI ~~~~~~ I
>. F_F F~~~~~~ F< I -~ I

— -CI I
C) 4— .—.~ C C +  L,l I ~~ -i I
F-_F L) —.4 C) LI C)I U.) CC— — ~~ ~~~I 4-- 4--

4— 0 Cr ILF.J4 LI 0 ~
__

C) 4- 1 ’  <.~ CC —
4-- 4-~ -C Cr

I .--. L~~LFJ
—

L4-LIk— — C)

t 

I
-U
C — L) -C C) - — — , F/F

4- - - iL ~ - F/F -J

~~~ ‘ ‘ ~~~~~ 
S

I- ~~~~— I I — -~ C
-~~~ — , - I F  I—— — 0

— F-/F CC
— ~~ U_i ~C. 4._F CC

U .
~~ C) - LU - F-F-) LU

~~ I— ~~ - 

- 

- LU - - F--
I - ~~~, C U) ~~ F

F-fl 4- I UI - w —
Cij L I F -’

F-Fl _ _ _ _ _ _ _ _  
___________— —--_-_ , 

-— ..
CC >- CC Fo-
UI LI

• ~-C C.- ~~C) ~~~~U
LI - _J > F - Z  =- UI

— ‘ ~~. CC I-
C) L) LU C 4-
~~ C) CC C) ~ .

LI - UI in .-
(1) l~~ CC C) ~~ — in F-i) UI ~ - F-/F

F C) LI LI C) CC I I— - C.. U) CC F- C 0 LI— — CC -C F~~J -. CC ‘~~~~~ 0 a ). LI I — C) >- CF ~/F — I-
4-. C.) C) C C . ) —  — 

_ -.. 0 C) 4-- _) -~~ . C
~~ LI H — 1 F-)) I I )  C) ~~ C) C) LI 

~~u_i CC LI -~~ I I C) LU ~ - CC C) ~~ F- —
.)- LF CC C) I 4 - 1 1  ~~ I— — .) . -C F-Fl ) LU <~ -~~ C

)~~ U. I I LI C) ~~ 
4— I C) C) - Cr CC CC

C) ‘ —. — CC CC 4- Frn)-) - CC — 4- — .J  ~~ C._ UI Fl) C :-: CF • Lu
LI P I I  C) CF CF —~. UI (I) — C ~— CC 0./F UI CF CF U) F— LI

.~C C) ~~ I I ~~~ CC >. CC - C) — -~ ~~C)~~~~~~~~~ Zf ~~OC)  LFI Z  Q~~ F - _ F C ) LJ CF C r C ) F—~~~~~~.~
— C) CF~~~~~4-— I— F-’)~~~: ~~~~~ . -_F C)

CT ~~~~~~LI~~~~ ..)ILI LI . ) ç~~~~_ i C C ,  .): >- F/F C C F /  — ~~~~~~~~~~~~~~~~~~~-~~~~~~~ C C )~~~l U I L U  C C .< .~~~~ Cr-. CC~~~~ .- 4-- F_i. C F C ) < _ ~J~~~ 4-C LI F-C ~~ L) 4— p— I—. C) C) CF LI CF F-F) C) >- CC F-f) CF F— CC F-_F .~~ 4..) ~~

~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~

U. >- / 0 LI C) CF — U.F — F— U.) C.. I— C)

~~ I— I = ~~ C) F--) ._ F C 4 4..)
C) / - Cr if)  CF C C >- F-) UI CC
LI / CC CF LI LI CT _) —) Cr F-f) F-’) F-F) ~~~ CF

/ U) U/F CC -

~~~~~~~~~~~~~~ ~~ 
CC C) U) CC

/ _
LI~~~~~~~~ = 0 .- I- iF-i C 0.1)

U. C L I L ) < < ._ F F - 2 C ) -~ L I -

/ ~ 
_ ____L___ ._~_ _.  _ _ _ _

79



--~~~~~~~ --- 
- - - - .-

~~~~~
--—-

~~~ —

well as persona l and telephone communication wi th  the principals

involved with each model’s development.

The completed matrix for these five models is presented and
discussed in the following section , which assesses the utility

of the methodology in the context of specific examples. In

add it ion , each model is discussed individually in a short

write-up in Appendices A through E. These discussions are

intended to help put the data on the matrix in better perspectiv€

by amplifying the models ’ a t t r ibu tes, capabi l i t ies, limitations

and most appropriate appl icat ions.
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SECTION 4. OBSERVATIONS AND SUGGESTIONS

4.1 ASSESSMENT OF METHODOLOGY

To i l l u s t r a t e  and evaluate  the appli cation of the model
description methodology delineated in Sect ion 2 , the matrix
fo rmat was employed for  f ive  selected land combat models

specified on Table 11-2. The completed matrix of these

models (COMBAT II , DWEEPS , JEREMIAH , LULEJIAN I, and L&A
TAC NUC) , is presented at the end of th is  section (p. 4 9) as

a foldout sheet. In this way the reader can readil ’ refer to it

whi le  read ing the comments that f ol low concern ing the matr ix and

the in fo rma t ion  it con t a in s .

It appears that the mat r ix  format  developed to describe and
define the characteristics of land combat models is a very

convenient way for presenting a considerable amount of
information about a wide var iety of models in a compact

form . One of its primary functions is to serve as an initial

screening mechanism for  providing the analyst  with an overview

of a number of models that will help the potential user to

i den t i fy  those s imula t ions  that appear appl icable and meri t

further investigation.

Because of the impossibility or predicting what aspects of
a model will determine its uti1i t~_i - for a given user , it is

thought that this methodology is a good approach for presenting
basic factual information in an unbiased manner without , in
ef fect , passing judgment on a ri’cdel’ s worth . Most models are
developed in conjunction with a particular study investigating

specific questions . Consequently , they model most completely

those facets that are central to the issues being examined.

Aspec ts of combat thought to have little or no impact on the
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r e su l t s, or more readil y accou n ted for  ou ts ide  the model , or
impossible to model satisfactorily are usually treated in a

nominal fashion or omitted entirely . Thus a model’s suitab i l i t y
is often in the eye of the potential user , and if it includes

the levels of detai l  the ana lys t believes are appropriate for
his application , then it may serve very well.

The matrix format and its ordering should be thought of as

a shor thand way of giving a description of a model , in much
the same sequence as would be used by a developer giving a

verbal overview . By c a r e f u l ly reviewino the list of descriptors
and the l e v e l — o f — d e t a i l  i nd ica to r s  a s s icn e d  to a p a r t i c u l a r
model , one can obtain a reasonably well-:lrt ned estimate of
a model’ s ma jo r capabi l ities and li mita t icn s. In  pa r t i c u l a r,
the information provided in the first two major matrix cate-

gories ( General Char acteris t ics and Simu lat ion of Environmental
Element s ) , enables one to put the f actual mater ial that follows
concerning combat elements and events in better context as to

their levels of detail and realism. If , in addition , there is
a brief companion write-up of the model (of the form contained

in Append ices A th rough E) to am p l i f y  on impor tant f e a t ures
of the s imulat ion, it can give addit ional perspective on the
model’ s utility . With this overall appreciation of each
model , one can then use the ma trix exped i t ious ly  in an
informed way.

Based on this prototype testing of the matrix , which covers
models of differing characteristics and scope , it appears
that this arrangement is useful in several ways. Obviously ,

this format makes it easy to determine whether or not the

facets of combat defined by the model descriptors are
included in any degree in a particular model. For example :
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• Of the five models described , the only one that
simula tes in some detai l  raany of the elements and
events over a theater wi de conf l i c t  is LULEJIAN I .

Although this model include s -j logi stics system and
thus can account for the resupply of men and equip-

ment in a combat extend ing over a per iod of weeks ,
it is lim ited to simu la ti n~, the employment of con-

ventional weapons only . As is true of most of the

other models listed , the elemexLts and functions of

command, control and communica tions , in te l ligence ,

disruptions and delays in the command processes

and electronic warf are are not included.

• If one wishes to examine a i r/ ground combat at the
theater level to evaluate bo th convent ional  and
tactical nuclear  weapon al locations , tradeoffs and
t iming in an aggregated paramet r ic  f a sh ion , COMBAT II

is well  sui ted.  However , it  cannot be used to assess
collateral damage or delayed casualties resulting
from the employment of nuclear weapons.

• The L&A TAC NUC model can provide a moderately

detailed simulation of a conven tional/ tactical
nuclear ground combat but is limited to simulating

a single sector of a battle front. Moreover , wi th
the exception of CAS , it dc-es not include the air

combat and air defense  uni t s , and the re fore  cannot
acco unt for the ef fect  these elements can have
upon an extended ground b~~Lc.1e.

• The DWEEPS model is useful onl y to investigate the
initial introduction of tactical nuclear weapons

by one side against a predefined moving ground
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fo rce target array . It is designed for  examining

the relationships among weapon system character-

istics , employment doctrine , mil i t a ry  e f f e c t s  and

collateral civilian damage within this framework.

In essence it is a one—sided weapon effects model

tha t  requires  as input  a t a rge t  data base d e f i n i n g
force  movements du r ing  a conventional  c o n f l i c t  and

the associated civilian population centers .

• If one is interested in investigating the detailed

in te rac t ions of small  combat uni ts (squads ) and

major  weapon systems dur ing a short f i r e f i g h t, the

JEREMIAH model (now under development)  provides a
very high resolut ion s imula t ion .  Al though  it is

cu r ren t ly  limi ted to model ing only direct  f i r e
weapons , it wi l l  even tua l ly  include inr ~1 F ect f i r e

and nuclear weapons. Its very detailed representa-

tion of the terrain plus the for ce action methodology
employed may result in highl y rea l is t ic  s imulations
that  include break throughs, open flanks , encircle-

ments , etc., and can provide insights about forces
in contact not available in the other models.

Thus it is seen that each of the five models has its particular
utility in assessing various aspects of combat. Furthermore ,

it appears that two of the models could be used together

propitiously to examine the initial transition from conven-

tional to tactical nuclear warfare including a detailed
evaluation of civilian collateral damage . The LULEJIAN I

model , which simulates conventional conflict , might be employed
to establish an enemy force target array that could subsequently
be used in DWEEPS to evaluate the initial introduction of

tactical nuclear weapons by the other side. If one wanted
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to inves t iga te  the exchange  of t a ct i c a l  nuc lea r  weapons for
a theater-wide conflict , in more c1~-~~ 0 .i l  t han  is provided by
COMBAT I I , he might  wi sh  to use tha L&A TAC NUC model in a
parallel fashion to simulate -U - - I l I l b at  on several  ad j acen t
sectors . Thus d i f f e r e n c e s  in torces , t e rr a in , e t c . ,  could

be accounted for and uneven force deployments and FEBA move-

ments could be simulated .

In add i t ion  to m a k i n g  i t  eas~~cr to iden t i f y models tha t  are
not appropr ia te  for  a p a r t i c u l a r  anal ys i s , the ma t r ix  can
i l l u m i n a t e  other  po ten t i a l  problem areas. For example , the

model u tility descriptors he1~ to ninpoint programs that

under  cer ta in  c i rcumstances  must  be e l iminated  because of
practical operational considerations. Obviously , no matter

how applicable a model is f or a speci f ic study, if it requ ires
substantially more manpower an-I comDuter power than the analyst

has avai lable  or can a f f o r d , then it is no longer a f eas ib l e
candidate , ari d the sooner he becomes aware of this , the
better.

Not  only does the m a t r i x  provide a s t a rt ing  point for  sor t ing
out a group of combat models and i d e n t i f y i n g  those tha t  seem
promising , bu t it is a convenient  way of later jogg ing ones
memory about the details of models , instead of plowing through
pages of documentation . This latter aspect should be espe-

cially helpful when an analys t has rev iewed a considerable
number of models in some detail (including additional docu-

mentation or discussions w ith the developers) and must then
decide what it all means. That is , are there several models
that meet his needs ? What are their relative merits and
def ic ienc ies?  I f  none of the ex i s t ing models s u f f i c e, does
it appear more satisfactoi tc develop a new model or to

attempt to subs tantia lly modif y art existing one? Must one
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pay a considerable price in terms of program size , complex ity ,

implementation and running t i m e  to o b t a i n  the desired type of

s imula t ion  and level of de ta i l ?  For examp le , even for  the

small group of models described in Table 11—2 a number of

general observations can be made :

• The logistics and C 3 elements  and func t i ons  are

o f t e n  omitted or modeled in only a nominal  fashion.

• Suppression e f f e c t s  are not modeled to any degree
of detail  in any of these ex i s t i ng  models.

• Theater-level  simu at ions model elements and

events in a more aggregated manner. Those simu-

lations wh ich do model combat elements and actions
in detail will generally be examining a smaller
conflict area (COMBAT II versus JEREMIAH) .

• If -the model is to assess collateral damage and

delayed casualt ies, the geometry must  be represented
explicitly or at a moderate level of detail. Thus

DWEE PS and L& A TAC NUC can account  for  these facets
(a t  d i f f e r i ng levels of detail) while  COMBAT II

is not able to do so.

• The less detail present in the model , the more

a r t i f i c ial ity in the representat ion of the FEBA.

• Simulations that model tactical nuclear weapon

employment in some detail tend to treat conventional

weapons in less detail or omit them entirely--e.g.,

COMBAT II and DWEEPS.
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• Deta i led  s i m u l a t i o n s  ~~t e  r e l af i v e ly costly in terms
of preparation and running tijue .

• The more detailed p r o -j r am s  t~ay use inte ractive

procedures to increase program flexibility and

reduce user time r F- or -rogram preparation (DWEEPS ,

F J E R E M I A I I )

• Interactive programs may reciiiire substantial com-

puter resources (LLL)

• Breakthroughs and cF~-en flanks are diff icult to
s imulate.

4.2 SUGGESTIONS FOR FU RTHER IM PLEME N TAT iON OF TUE MATRIX

The current list of model desc_i i~ tors developed for this
study represents a first—cut at using a ~om~ act stylized
approach for describing land combat models. These descriptors

were developed primarily by raviewing available program docu-

mentation, talking with model builders , and subsequently
refining the classificat ions and identif iers during the
course of tes ting the methodology on f ivo specific models.
However , the degree to which th is p:ec Jure can describe

models and their strengths and weaknesses could be considerably

increased by expanding the lis t of descriptors in a few specific
areas.

For exa mp le , for some models Uie acquisition and structuring

of the required inp-J t data bast: can be a very complex and

lengthy procedure . Generic information as to how or where

these in puts are ob ta ined  ( e .j . ,  o;~ist coce and type of source

document , combat da ta , or results of other simulation models)
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is useful not only in be t t et  d e f i n i n g  time requ i rements  f o r
program implementation , hu t also in  cla ri f y i n g  the level of

rea l i sm and de tail simulated in the model .  The mat rix section

on program outputs cou ld also he enlarged so as to be more
exp l i c i t  an d in f o r mat ive about the data generated by the
simulation , and the measures of e f f e c tiveness that  are readi ly

avai l ab le  to the analyst .

Another  area of interest  to the user concerns the model’ s
degree of flexibility . This includes its potential for various

types of studies and investigat ions , the ease wi th  which  the

program can be modified or expande d , the implicit or built-in

assumptions or “virtual” inputs (i.e., sett ing f ixed values
for cer tain “variables ” wh ich may not be properly val idated,
but are buil t into the model) that impact on a model’s u t i l i t y,

an d the s imu la t ion ’ s sensitivity to program inputs and options.

One f u r t h er area in which gre ater detail wou ld be desi rable
on the matrix concerns more specif ics about the methods used
to calculate target acquisition , attri tion and the l ike .

To complete a definitive set of model descriptors appropr i a te
for classify ing in more detai l  the model f ea tu res  discussed
above , one needs to extend t hi s  study to another level of

detail. This would include discussions with model developers

and users , utilizi ng program source list ings and computer
outputs , and learning how the models have been employed in
past studies . Under these circumstances , it appears tha t

an equal ly  produc tive next step towards enhancing  th is  set
of descriptors might be to have the developers/users of many
of the models listed in Table 11-1 use this methodology to

describe their own programs . By supp lying them with the

descriptor definitions given in this report and sanctioning
them to expand or modify the descriptors or symbology if
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necessa ry , one should s u b s equ e nt l y be ab l e  to r e f i n e  the
i~atrix format and increase it - - descri ptive caoih ilities .

An added advantage of completing the natrix for a s u b st a n t i a l

number of mode ls is tha t  one could then tes t the f o l l o w i n g

~remise: If the niatrix is completed for a large number of

models , th is methodology migh t be us ed to better iden ti f y
common characteristics or limitations of models simulatina

a given type or level of conflict. For example , orocrams

that simulate theater—level engagements must of necessity

aggregate many facets of combat. If none of the existing

theater models are able to account for certain elements or
events with the degree of detail and realism that is clearly
des irable at this level of con f l i ct , then one must conclude
that this limitation has a more f undamental basis than jus t
lack of interes t or skill on the par t of the model designer .
By reviewing the ma tr ix , an analyst who is considering develop-

ing a new , more “complete ” land combat model may gain a better

appreciation of the task he has set for himself and the likeli-

hood of success.

Model development usually entails a series of compromi ses
as one tries to reconcile practical const raints , such as the
s ize  of the data base , the avai l ab i l i t y  of credible  inputs ,

f o r m u l a t i n g  a sui table  methodology for  model ing the desired

f u n c t i o n  or event , and producing a program of manageable
size and computer reuuirements. Thus , the end-product is

o f t e n  a program that is extremely sat isfactory for the s tudy
it was designed for , but has m a j o r  constr aints for other
applications even if they are similar. A completed matrix

describing a number of models of the same scope and level of

conflict may help to give model builders additional insight

as to how to improve best program flexibility and utility.
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r
If the deslener can devise bet ter and more effective ways to

F do this , then analys ts may be z t t l c -  to readi ly  ada pt and
modify existing models to serve their particular studies.

One approach that has been used to improve the flexibility
of land combat models has been to utilize interactive computer

sys tems , in which both man and the model participate in the

simu la tion ’s decision— making processes. With the increase

in available computer power , capabilities and responsiveness ,

model de signers have found tha t fo r some typ es of s imulations
it is now fe asi b le to have the  user interact wi th the progr am
during its execution . By structurino a simulation to run on

thi s type of system , the designer can provide for the analyst
to make decisions for selected conditions about options

and events tha t  are di f f icul t  to model or evaluate mathema tical ly

within the program . This may produce a more realistic simula-

tion of combat facets that are hard to define mathematically ,

and may allow a model to be used more read ily to investigate
a broader range of options or strateciies. On the other hand ,

the resul ts from an in terac t ive  model may be high ly  in f l uenced
by the user ’s choices , to a degree that fa r overshadows its
sens itivities to we apon sys tem capabili ties. Thus , this  type

of s imulation may require extensive use fo r a given analysis
to i d e n t i f y  its sensi tivit ies  to the ana lyst’s decisions ,

over and above those inherent in the model.

As has been emphasized previously , the m a t r i x  format  was
developed to provide the analyst with a convenient vehicle

for displaying ad describing the components and features of
various types of land combat models in a compact way . The

particular models selected to test this methodology were

ones considered to be of current interest to DNA , and represent
various types and levels of land combat simulations . These
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matrix descriptions were completed based on information

obtained from general model documentation , formal briefings ,

and personal disc uss ions with the developers. Howeve r , in

order to identify the more subtle limitations or weaknesses

of these models (or indeed of any model) that result from

i n t r i n s i c  or built-in assumptions and “virtual” inputs , one

must study the simulations in considerably more detail.

This would include obtaining program listings , understanding

the program flow , and if possible , exe rcising the models so
as to become familiar with their sensitivities and range of

ut ility .  Therefore , although the completed matrix presented
here can identify the major capabilities and limitations of

these f ive models , it must be recognized  t h a t  another , mo :e
detailed level of inves tigation of these models could result
in a deeper understanding and appreciation of their individual

attributes.
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APPENDIX A. COMBAT II

COMBAT II is a theater-level combat model developed recently

by the BDM Corporation. It simulates simultaneous ground/

air combat which is supported by a choice of various conven-

tional and tactical nuclear weapons. The objective in developing

this simulation was to provide analysts with a tool that would

allow them to identify and examine the key variables which

heavily influence the outcome of such combat and to analyze

how they change as a function of time. In developing this

model , two constraining design criteria were established: the

result ing di gital—computer program would be relatively simple
in terms of its required inputs, and the program should be
fas t  running and hence economical to use in parametric analyses
and tradeoff studies.

The COMBAT II model has the capability to examine in an

aggregated manner the interactions amon g the ground and air
combined—arms forces engaged in conventional , tactical nuclear

or mixed conflict. It is completely two-sided with no built-in

asymmetries. If inputs for the two sides are reversed , the

results will  be com~ 1ete mirror images. Ground combat and

support elements are aggregated into representative size
force supply and reserve while aircraft , airbases , nuclear
weapons , etc. , are specified in terms of numbers and functions .

Geometric relationships among the forces are implicit in terms

of the simulated interactions occurring at the fronts, or
rear , or in the air. The FEBA of each of three sectors

(which can be about 300 km wide and 30 km deep) , can move

independently or can have a functional relationship with other

sectors at the option of the useL . However because of this

abstract geometric representation there is no mechanism for

s imulat ing “flank attacks ,” local breakthroughs or the like.
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The mathematical methodology employed for ease and speed of

program operation is that of a deterministic differential

equation flow-rate model. In this type of simulation , the
key parameters and events are modeled using a set of inter-

related ordinary differential equations that are solved

simultaneously . Each equation defines the time rate of change

of some variable of state such as the number of ground troops ,

interceptor a i r c ra f t, or surface—to-surface missiles , all of
which change as a function of time due to their interactions

with other components. For example , the time rate of change

of the number of ground troops at a front is expressed as a

function of their losses to each of the various weapon systems

plus the net flow of reserve troops from the rear. In such

equations , each of these individual terms is defined mathe-
matically in terms of acquisition, attrition and other factors
associated with the operation of a particular weapon or support

system . All of the major subprocesses of combat are related

to each other through these coupled equations which determine

the relative contribution of each variable of state to the

final outcome and provide a means of examining the evolution

of the battle over time. A group of approximately one hundred

such equations is numerically integrated over time to generate

the evolution of the battle and calculate the attrition .

The model has been designed so as to provide the analyst
both with an overview of theater-level mixed combat and with

detailed time-histories of all the components modeled. The

simulation is geared for investigating force mixes , ground
and air force employment strategies , and nuclear weapon

employment and timing in a parametric fashion , and for deter-
mining the driving factors. Emphasis is placed on giving the

analyst the ability to readily investigate the contributions
and interactions of the particular major weapon systems and

strategies to the outcome of the battle.
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As indicated in the model matr ix , a major i ty  of the
environmental and force elements , weapon systems and events

are modeled in a highly aggregated manner or simulated to a

limited degree. Environmental characteristics such as weather

and terrain are not modeled explicitly within the program but

are nominally accounted for indirectly through user inputs

concerning target acquisition factors and maximum movement

rates of the FEBA and resupply units .

The combat system associated with each of the three fronts
include aggregated ground force units (with their share of

conventional a r t i l l e ry) , nuclear a r t i l lery, tactical missiles ,
supplies and nuclear warheads. In the rear are reserve forces

and suoplies , airbases , aircraft , centrally controlled surface—

to-surface missiles , and nuclear storage sites. The aircraft

may be designated as interceptors which engage enemy aircraft

or nuclear-capable aircraft, which may be specifically allo-
cated -to either ground support or long—range attack and

interdiction.

Logistics is simulated in that troops and supplies flow from
the rear to the fronts and vice versa. The program permits

moving these resources from one front to another by with-

drawing and reallocating them . Based on user input allocations

and options , the model ’s doctrine provides for conventional
and/or nuclear exchanges , including ground—to—ground duels ,

tactical missile exchange , aircraft air-to-air battles and

ground attacks .

Using inputs concerning target acquisition factors, weapon
kill factors , allocation factors , and maximum expenditure
and flow rates , the program evaluates the interactions between
various weapon systems by solving its set of simultaneous
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differential equations . For those combat systems defined as

being at one of the three fronts , interchanges are permitted

only between oppos ing ground force un its and include both
conventional and nuclear artillery . However , surface—to—surface

missiles are able to attack all opposing elements within the

front. All aircraft are lecated at airbases in the rear area,

but only the long—range nuclear-attack aircraft are based

beyond the range of enemy surface—to-surface missiles. The

air battle simulation involves both interceptors and nuclear—

F - capable aircraft. Of those aircraft which survive air combat ,

those interceptors not allocated to ground support return to

base. The remaining interceptors and nuclear—capable aircraft

continue on to attack their targets where they are subjected
to area and terminal air defenses.

Naturally in any simulated combat extending for more than a

few hours , the time-dependent results must include not only
force draw downs and weapon system attrition , but also the

movement of ground forces’. In this model , the FEBA movement

is modeled heuristically so as to range from zero , when the
opposing forces approximate pari ty , to a maximum unopposed
rate , which is input by the user. The particular functional

relationship employed is based on extending the Lanchester

Equations so as to represent the total attrition of ground
forces due to all causes . The calculations of FEBA movement

are performed independently of the integration of the simul-

taneous differential equaticns . The flow of reserves and

resupplies from the rear to the fronts is controlled by

response equations which reconcile the maximum allowable

densities, the actual and commanded FEBA advance rates , and
the maximum flow rates specified to define the resulting flow

rates used in the set of differential equations.
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Because of the designer ’s aims and methodology , this model

could probably be readily implemented by other users . It is

programmed in FORTRAN and requires lOOK of storage plus two

on-line disk or tape files . These disk or tape files are

used to store the time histories of the approximately 1100
variables of state used within the program . This tape can

be input to a post processor program to obtain printer

output and time-history plots of any of these parameters of

interest, as well as summary tables displaying the composition
and distribution of each of the combat systems throughout the

battle. Acquiring the data base and structuring the inputs

can usually be completed in one to two weeks .

As indicated above , the types of inputs required for this kind

of model include allocation , acquisition and kill factors ,

and maximum expenditure and flow rates . The initial disposi-

tion of forces and weapon systems is specif ied in terms of
the numbers and d is t r ibution of men , weapons and supplies at

each of the three f ronts  and in the rear , and thereby def ines
an aggregated order of battle for the two sides . Other inputs

such as acquisi t ion and k i l l  fac tors , and maximum expenditure

and force and supply movement rates represent average values

associated with the various systems and their interactions .

These factors determine values for the coupling coefficients

used in the differential equations to interrelate the various

combat systems . Naturally, the selection of approximate
values by the analyst can be extremely important to the out-

come of the battle , especially when different magnitudes are

used for the two sides. Therefore , these factors  are usual ly
chosen on the basis of a combination of other model results ,

available combat data , military judgments and estimates and

tempered with the par t icu lar  analysis  of t radeoff  study being
performed .
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Because of the nature of the inputs , program preparation time
even for a completely new case is relatively short (usually

on the order of 1 to 2 weeks) . The model’s computational
time i~ also very fast, typically less than 2 CPU minutes
(on a CDC 6000-7000 computer system) for a 10-day war. In

keeping with this philosophy , summary data and time-history

plots are generated by the program to enable the analyst to

evaluate the results readily , typical ly  in less than a day .
The model has been developed and exercised by BDM over the

past two years . However it became available to the analytic

community in August 1975 and consequently has not yet been
used by others.

It must be recognized that BDM ’s basic philosophy and
objectives of producing a model that would be easy to imple-

ment and employ in a parametric fashion were achieved by

adopting an “outside—in ” design approach . As is shown in

the matrix , many components and facets of combat are accounted
for in only a nominal fashion , while others considered to be

of less direct importance to the type of analysis the model

was intended for are omitted entirely. The mathematical

methodologies and implicit geometric representation of space

used in the model are commensurate with this level of detail

and contribute to the program ’s rapid running time on the

computer. However , this type of geometric representation
opposes a realist ic assessment of civi l ian collateral damage
or delayed casualties , and hence these aspects of tactical

nuclear combat are not included .

Elements concerned with ground combat and air defense are

represented as aggregated combined units and are simulated

to a limited degree . Because the designers were particularly

interested in investigating the options and strategies related
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to the employment of tactical nuclear weapons, these

associated weapon systems and events are identified as

separate entities and are modeled in more detail. As is seen

from the matrix , the elements , events and functions involved

with the command , control , communications , intelligence and

decision-making aspects of combat are omitted entirely in the

model. Although these are extremely important facets of any

combat, most do not readily lend themselves to an aggregated

representation that is useful and can account for their

impact on the course of the combat in a meaningful way. In

the analysis of mixed combat involving both conventional and

tactical nuclear weapons , the consequences of the timing of

the initial employment of the nuclear weapons are of particu-

lar interest. In COMBAT II this time (in hours) is specified
as a program input, and thus it is possible for the analyst

to investigate in a parametric fashion the criticality of

the timeliness of the overall combat assessment/decision—

making process with respect to nuclear weapon employment.

The developers have emphasized that COMBAT II is not intended

to be used to generate absolute quantitative answers. It

is intended to provide an analyst with a very convenient

tool for comparing the effects of various options, strategies

and weapons in a relative way, and to identify some of the

major drivers of the combat results and how they vary with

time.
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APPENDIX b. DWEEPS

The DWEE PS model , developed by Lawrence Livermore Laboratory
(LLL) , is a one-sided , asymmetrical , user-assisted simulation
des igned to assess the effects of employing nuclear weapons

in a land combat conflict. In essence , the model simulates
the acqu isi t ion of enemy ground forces and the employment
and effects of using tactical nuclear weapons against a pre-

determined moving target array . It does not model the
conventional conflict or the interaction of forces , but

instead simulates a one—sided nuclear-attack , as selected

by the user , on a predefine~ advance of enemy ground units.

The mode l is nominally configured for a one to two division
land battle along a 30-km front , with the minimum size of
unit that is resolved being a platoon (tank platoon , i n fan t ry
platoon , etc) . The movement of the enemy forces (units)

the times at which they are acquired , and the times at which

the nuclear weapons are called for are determined using a

time—step simulation increment of five minutes over a period

of - several hours of combat. However , the actual number and

location of enemy units acquired and the actual arrival time

and detonation location of each nuclear weapon are determined
by a Monte Carlo process. As a result , each individual
computer run represents a single possible outcome , and a
number of runs must be made for the same situation to

determine the expected value .

The model’ s data base includes the posi tional time his tory
of each enemy un i t , as obtained from some other source , e.g.,
from another model or a map exercise. This is defined in

terms of the unit ’s coordinates on the battlefield , the

geographic space it occupies (approximated by a square of
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specified size) and the times at which it arrives at and

departs from that location . Up to 1000 units of any aggre-

gation can be specified . The expected location of these

forces at anytime is determined by interpolating between

known locations (or extrapolating if need be) , and thus

the model can reflect different movement rates. Therefore ,

if the user chooses to input a detailed target array history ,

he can account for terrain , road networks , and natural

obstacles in a nominal way .

The second portion of this target data base consists of the

civilian population centers. Each city in the battle zone

is represented geographically as one or more rectangles of

appropriate size and proportions. For a previous LLL study

this included all communities that could be identified from

a 1:50,000 scale map . Input data included the coordinates

specifying the center of the city as well as its population ,

and the model can handle up to 1000 individual locations.

As noted above , DWEEPS is a one-sided model simulating the

employment of tactical nuclear weapons on enemy forces.

Therefore , information presented in the matrix concerning

combat participants , functions , and events define character-

istics for only one of the two sides . The matrix descriptors

identifying combat participants and support refer to those

defined in the model’s military force target data base

described above . The format of the data base provides for

each unit to be described in terms of the number of personnel ,

vehicles and weapons and to be identified as to the unit’s

disposition and function (AAA , tank unit , command post , etc.).

Hence , ground combat and air defense elements can be described

in the data base in some detail; however , no provision is

made for accounting for the enemy ’s tactical air elements .
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Because of the purpose and structure of the model , none of

the friendly forces are simulated and the employment plan

for their nuclear weapons is specified by user inputs .

The portion of the matrix describing the combat functions

and events refers in general to those facets of the simulation

that are applicable to the side employing the tactical nuclear
*weapons . As is shown on the matrix , this program models the

employment and effects only of nuclear weapons . The specific

form of the attack is defined by the user through inputs and

is developed as follows . The data base definin9 the moving

enemy forces is processed by the program , ~hich decides which

targets are acquired and identified , as a function of time.

The probability that an enemy unit will be acquired is a

function of the unit’s distance from the FEBA , the type of

unit and the unit’s motion .

This target intelligence information is presented to the user

together with a menu of the nuclear weapons available to him

(number , type , yield , delivery CEP). Based on his particular

military objectives , employment constraints and doctrine ,

the user selects targets for his nuclear weapons and defines

the nuclear attack in terms of weapon types , aimpoints and

the times of employment.

Upon inputting this weapons employment plan , the model

then simulates the nuclear attack and calculates the enemy

troops and equipment losses, and the civilian casualties and

*
Once exception is the action of the enemy ground forces
as a result of the nuclear attack. The interactive video—
graphics version of the model does stop movement of individual
units when their attrition exceeds specified levels.
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and damage . The targets killed or damaged may or may not be

those targeted , depending on the movement rates of the forces,

the size of the target acquisition errors , the delivery

accuracy , and the delay in delivery time , as determined by

Monte Carlo processes. The specific forces destroyed or

damaged are those that are inside the weapon ’s effective

range at the time of detonation , and thus may include enemy

forces that had not been acquired .

The model assesses the nuclear attack in terms of military

and civilian casualties , and losses and damage to enemy

weapons and support resources due to prompt nuclear radiation ,

thermal radiation , and blast. The damage calculations account

for multiple weapons effects where applicable , and the results

are presented for various yield levels and hence can be used

to forecast delayed casualties.

The individual enemy units at the forward edge of the

advancing force define an irregularly shaped FEBA of uneven

movement. The videographics version of DWEEPS alters the

input enemy force movements as a function of the strength

o~ the nuclear attack ; if 30 percent of the units in a

battalion are destroyed , the battalion will cease to advance

and thus the FEBA will remain stationary in that area.

The DWEEPS model currently exists in two forms at LLL: The

CDC-7600 version for normal batch processing with hard copy

input and output, and the interactive time-sharing version

designed to run on the XDS Sigma-7 computer. This latter

version requires peripheral equipment including a user—

terminal consisting of a keyboard , CRT display sc-een ,

function box and light pen . The acquired target ‘~~ ay is

displayed on the CRT, and the user defines his weapons

108



employment plan by designating weapon types , detonation points

and times with the light pen. Thus the user—time required to

complete this portion of program inputs is reduced from

several hours (for the CDC-7600 version) to a few minutes .

Both versions of the model require several days to several

weeks for preparation of the military and civilian data

bases , depending on the size and nature of the target data

array required.

LLL has used tnc program extensively to investigate

relationships among military effects , collateral damage ,

weapon system characteristics , and employment doctrine .

Thus there exists a substantial data base including a detailed

target array drawn from the report Legal Mix III Optimum Mix

of Artillery Units 1971—1975, by the U.S. Army Combat Develop-

ment Command Institute of Nuclear Studies. It appears that

OWEEPS could also be an effective tool in conventional combat.

It could be used to evaluate the impact of the initial

employment of tactical nuclear weapons on the course of the

conventional conflict , and to investigate the timing and

level of employment required to stop the enemy ’s advance.
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APPENDIX C. JEREMIAH

JERE IIAII is an entirely new land combat model that is now

under development at Lawrence Livermore Laboratory (LLL).

As a completely new model that will ultimately simulate both

conventional and tactical nuclear combat in a very detailed

way , its characteristics and potential applications are of

current interest. Therefore it is included on the matrix ,

even though at this stage of model development its more

detailed characteristics are not necessarily finalized.

To distinguish between the model ’s current and projected

capabilities , as perceived by the designers , the model is

described on the matrix for both a near-- and far—term

version . “Prototype” refers to the ruodel configuration which

is currently being completed to test methodologies , sensitiv-

ities , etc.; “under development” pertains to the model as

the designers envision it in its completed form at some
*future date .

In contrast to many of the combined-arms conventional/

tactical nuclear models , which aggregate actions and events

to simulate theater combat , JEREMIAH is a high—resolution ,

Monte Carlo model that simulates the interactions of small

units (squads) and major weapon systems (individual tanks ,

antitank weapons) within a battalion-size area over a short

period of time . The program has no built-in asymmetries

and is two—sided ; the developers s-tate that it could be

expanded to be multi—sided if required . Time is advanced

*For complete and up-to-date information on this model the
reader should contact Mr. Ken Froeschner at LLL.
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in the simulation using a 10-sec time step , and the model is

being structured so that it can be operated in several modes ,
e.g., as a batch job, user—assisted , or at a future date , in

- - 

a highly interactive manner.

As a first step towards developing an interactive videographic

capability , the simulations generated by the prototype model

have been displayed on a multi-color videographics terminal.

In addition there is currently under construction at LLL a

“conflict simulation laboratory ” for JEREMIAH , which includes

development of both hardware and software. This will provide

the analyst with the capability to have real-time scene

simulation in full color with multiple consoles for on-line

interaction with the program.

In keeping with the designer ’s objectives of producing a

model capable of simulating the interactions of elements

and events at a fine—grained level, geometry is represented

in the model in a very detailed manner. The terrain is

divided into a grid consisting of rectangles of arbitrary

dimensions. Each of these “cells ” is characterized in

terms of its altitude at a corner , the fractional cover

available , its fractional impassibility , and the fractional

absorption of optical energy of the air. These characteristics

are used in the program to calculate the speed and path of

each element and the probability of acquisition of targets.

As is evident from the manner in which the battlefield is

represented , the model is configured so that it can (or will)

take into account most of the facets of environment in a

very explicit manner if desired. This can include road

networks and civilian population centers as well as military

support systems such as command , control and communications .
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At its current stage of development , the prototype is limited

to simulating engagements betw~ o~ forces in contact which

employ direct fire conventional weapons . However , as the

methodologies developed to model th~ ~~ elements and events

are checked-out , these proceduies and techniques will be

extended to include other components (e.g., artillery and

tactical nuclear weapons) and thefr actions.

The overall modeling philosophy or orocedure used in this

model is analogous to that employed in a hydrocode in which

the individual actions of many small units are integrated

to obtain the sum total effect. The premise of the developers

of JEREMIAH is that by simulating the actions and interactions

of small units and individual major weapons using very short

computing periods (10 sec) , and summing up or “integrating ”

their effects in the proper fashion , one can obtain a valid

simulation of the combat extending over a period of time

(hours) . The “behavior ” of these forces , and consequently

of the individual units , is naturally scenario-dependent

and is a function of many factors. To achieve a balance

between scenario flexibility and simulation efficiency , the

designers have configured the model as follows : scenario-

type information defining overall directives and objectives

for the force components arid their units are set by the

user; the detailed actions oi~ each unit and major weapon

during each computing cycle are determined automatically

by internal program logic using a “fire-maneuver ” algorithm .

The specification of mission doctrine is in the form of

scenario files input by the user that define each unit’s

type , location , mission (e.g., reach ~ certain location,
follow another unit) , its act:~ ns upon completing its mission ,

and what its alternate objective m ay be. Tne designers intend
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to expand and improve the current syntax used to input these

data with an advanced command language that will employ

“standard” packages of commands to define the most detailed

level of troop movement or doctrine .

The manner in which these directives are carried out and the

extent to which they are completed during the course of the

simulation is determined in part by the “fire—maneuver ”

algorithm that defines the actions of the individual units

for each computing cycle. The basic form of the methodology

employed is as follows. At the beginning of each computing

cycle, the program determines for each element the cumulative

probability that it will survive the cycle. This is a

function of the probability of its being acquired , shot at,

and killed by the opposing enemy units . The program also

calculates the probability that the unit can hit and kill

each target it perceives and its priority .

Based on these two probabilities 
~~ 

and the unit then

employs an algorithm to select one of three “micro—tactical”

options as to what actions it should undertake during the

cycle. The three options are as follows : (1) to move in

a direction that will avoid contact with the enemy , (2) to

pass , i.e., ignore the enemy and continue towards the objective

defined by the doctrine , or (3) to engage the enemy. If the

unit ’s P5 for the cycle is low , then it will move in a direc-

tion so as to avoid the enemy . If its P5 is high (the current

lower bound value used is 0.994) but the probability of killing

the enemy is low, then it will not move to engage but will

pass and continue towards its specified objective. However ,

if its P~ is high and its ~k 
ag?inst the enemy is high , then

it will elect to engage .
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The prototype model is being used to investigate and refine

this basic methodology to ensure that the force actions

simulated conform to sound military judgment and tactics.

The designers expect that this “micro-tactical” option

logic should result in simulations of combat that include

breakthroughs , open-flanks , encirclements , etc. Thus , in

contrast to most models no artificial FEBA line is established

or used within the program. It should be noted also that at

this level the model reflects a limited—type of optimization

in that a unit’s specified directives may be temporarily

disregarded to enhance its probability of survival.

At this stage of development many of the practical considera-

tions concerning the implementation and use of JEREMIAH are

not established. Nevertheless , it is evident that this type

of detailed simulation will require a lot of computing power .

In its fully interactive mode with user terminals and real-

time displays of simulations , it will employ custom-designed

computer hardware and software; thus in its most advanced

and flexible form, the model will probably be limited to

being used at LLL.

The developers are attempting to configure the model’s data

base so that the required input data can be readily structured .

For example , their representation of the terrain is configured

to interface easily with data provided by the Defense Mapping

Agency ’s Topographic Center.

The development of this model is currently being funded by

LLL. As can be seen from the matrix the designer ’s long-term

objectives are ambitious both in terms of the model’s eventual

scope and level of detail. Clearly , the model’s growth will

be an evolutionary process and will involve striking a balance
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between the desire for completeness of simulation and the

practical constraints imposed by the computer , and the desire

for responsive interactive capability .
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APPENDIX D. LULEJIAN I

LULEJIAN I developed by Lulejian and Associates , Inc., is a

deterministic , theater—level tactical combat model designed

to assess the combat capabilities of one conventional theater

force structure against another. To this end it models in a

completely symmetrical manner each force by composition ,

including unit and weapon types and numbers for both sides.

Most of the possible interactions and interdependencies

between all opposing elements and weapon systems are simulated

but at an aggregated level of detail , and the inclusion of

the logistics elements provides for a more realistic deter-

mination of force drawdowns for combats extending over a

period of weeks . The model recognizes and can keep a status

track on as many as six national participants on each side ,

which may be distributed over 10 sectors to make up a theater
force structure . A feature that sets Lulejian I apart from

other models is an option for employing an algorithm which

distributes certain allocatable resources in a nearly optimal

manner for both sides. This is done in an effort to achieve

a simulation outcome that is independent of either side ’ s

“general—ship ” abilities . Results , therefore , are considered

to be an unbiased comparison of the originally specified

forces and their combat capabilities against each other.

In the model, the combat resources of each side ’s force

structure are divided into three major categories : the ground

forces in the theater available for combat (including the

air defense elements) ; the tactical air combat elements ; and

the logistics support systems for moving personnel and materiel

into and through the theater supply network . Each of these

can be managed in a near optimal manner by the model in terms

of a specified payoff function (usually FEBA movement) over
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a user-specified time period. The dynamic relationships

among these combat participants and support elements are

established by five basic submodels : Ground Combat Assess-

ment, Tactical Air , Logistics , Ground Forces Management,

and Resource Allocation Algorithm .

The Ground Combat Assessment model simulates combat inter-

actions between all units and weapon systems using a time

step increment of one day of combat. A forward edge of the

battle area (FEBA) is assumed . Infantry , mechanized infantry ,

and armor maneuver units are modeled as distributed along

fairly well defined lines on either side of the FEBA . The

effects of support fire from artillery , helicopter , and

tactical aircraft are replicated . Losses of personnel and

equipment and associated losses of combat capability are

addressed and used to modify each side ’s ability to fight

the following combat day . Central to LULEJIAN I is the

concept of each side trading territory for survivability and

having a “threshold” attrition rate. (This threshold loss

rate can be thought of as a measure of each combatant ’s

attitude towards maintaining or acquiring territory . It

may also be termed “resolve .”)

Maneuver units contact and localize the opposition in order

to bring effective direct fire to bear . Both the ability

to localize targets and the effectiveness of direct fire

weapons degrade with increasing separation distance. There-

fore, a major component of the loss rate one side experiences

can be reduced by increasing the separation distance between

its maneuver units and those of the opposition . Accordingly ,

one side advances on the other only when it is able to

inflict a loss rate in excess of the opposition ’s threshold ,

while simultaneously sustaining a loss rate below its own

threshold. The FEBA moves as one side moves to increase

separation distance while the other moves to decrease it.
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The Ground Force Management submodel does not perform the

initial allocation of maneuver units , but it does determine

all subsequent allocations , based upon the current status

of the forces and the previous combat results. Its functions

include the allocation of the available maneuver units to

line or reserve status among all the combat sectors for the

next day , and the determination of which of three postures

(attack , hold , delay) is to be employed in each sector the

following day . The posture selected is a function of the

prior day ’s posture in that sector and the previous FEBA

movement.

I
In addition , this submodel assesses a combat unit’s threshold

attrition rate (resolve) for the next day . These resolves

are recalculated daily based on a maneuver unit’s accumulated

losses. If total losses reach a specified fraction , the unit

is defined as “fought—out. ” It is then removed from combat

and held out for a length of time while it is refitted with

personnel and equipment . 1~hen this process is completed ,

the unit is again available for allocation to a reserve or

combat status.

The Tactical Air submodel simulates the results of aircraft

missions for each of two air regions within the theater.

The tactical aircraft that are in the theater and available

for combat at a given time are also managed by the Resource

Allocation Algorithm . This allows the questions of sortie/

mission mix to be addressed . Five types of aircraft can be

allocated to each of six major missions, which include air

defense , airbase attack , interdiction of logistics targets ,

close combat air support, escort/CAP , and air defense

suppression. All aircraft attrition is simulated within the

Tactical Air model. Those aircraft on interdiction and combat
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air support missions which are not attrited are evaluated

by the Logistics and Ground Combat Assessment submodels ,

respectively, as to the effects of their attacks .

The Logistics model is a highly aggregated , single pipeline

simulation of men and materiel flow throughout the theater.

It consists of an entry “port” of given input capacity . A

fraction of the theater ’s input capacity is specified by

the user to be devoted to scheduled deployment of individual

and unit replacements for combat elements . This includes

personnel , tanks , three types of maneuver battalions , tactical

aircraft , attack helicopters , and air defense artillery . The

remainder of the port capacity is managed by the Resource

Allocation Algorithm. This portion is devoted to three

logistical categories: (1) general supplies , such as food ,

fuel, and ammunition; (2) vehicles , such as trucks which

can be used to expand transport capacity ; and (3) engineering

supplies , such as bridges , to be used for restoring or

expanding the intratheater logistics network . The Logistics

model also simulates the effects of aircraft interdiction

strikes on network capacity .

The initial deployment of the ground forces that are present

in the theater at the time of the beginning of the conflict

is established by the Resource Allocation Algorithm . This

algorithm implements the basic premise of LULEJIAN I which is

that the ultimate objective of tactical war is to acquire

(or deeend) territory and that both sides will allocate

resources to them as possible under the existing circumstances.

By means of these dynamic game-like allocation procedures ,

the model works to the end that the predicted outcome of the

“war ” be in agreement with what would occur if both sides

exercised highly intelligent generalship over their choices.
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Accordingly , the danger of biasing the outcome by attributing

poor allocation of resources to either friendly or enemy

forces is removed .

To employ this optimizational procedure the user must specify

the length of combat to be simulated and the decision points

for which allocation strategies are to be assessed . Then ,

the algorithm allocates (at these decision points) the

previously mentioned portion of the Logistics model port

capacity consisting of general supplies , vehicles to expand

transport capacity , and engineering supplies to expand the

logistics network. The other portion of each side ’s resources

which is allocated at these specified decision points is

their tactical aircraft. All available sorties are assigned

to possible missions and the effect of any assignment is

examined in light of its payoff.

An automated search process is used over all combinations

of these resource allocations. Each allocation strategy is

composed of a set of allocations (one for each decision

point) through the specified end of the game . The payoff

used to assess strategies is the territory controlled at

the end of the game (i.e., FEBA movement , given the width

of the combat area does not change much) .

The algorithm identifies near optimal allocations (in a mini
max sense) of each side ’s resources over the specified time

period . The significant feature of the Resource Allocation

Algorithm is that it permits the identification of an outcome

of a postulated force interaction which is attainable by one
of the opponents. The outcome identified is attainable

because it is assumed that the opposition is knowledgeable

of each of the allocation decisions as they are made and

responds optimally.
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Although this algorithm can , in principle , be used for

engagements of any complexity (a number of different types

of resources and number of relocation decision points in

the war) , the computational requirements grow rapidly with

complexity . As a consequence LULEJIAN I places emphasis

on simplicity of engagement equations and description of

theater geography.

As is indicated in the model utility section of the matrix ,

even though the FORTRAN code for this simulation is quite

large , the program storage requirements are relatively modest.

This is because the program has been structured so that it

can be run in three consecutive segments. It should be noted

that typical running times for the program can vary from 1.5

to 60 CPU seconds for one combat day , depending on whether

or not the optimal allocation option is employed . Although

the time requirement for acquiring and structuring the input

data is substantial , this task is facilitated through the

use of a separate preprocessor program . This factor , coupled

with the program ’s extensive documentation and previous use

by nondevelopers , suggests that its implementation by other

users should proceed relatively smoothly.
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APPENDIX E. L&A TAC NUC

The L&A TAC NUC model , recently developed by Lulejian &

Associates , Inc., was designed primarily to investigate the

battlefield employment of tactical nuclear weapons . It is

a modified and expanded version of the ground combat portion

of Lulejian ’s theater-level model of conventional land combat

and is capable of handling a mixture of both nuclear and

conventio’ -1 ordnance employed by either or both sides.

Unlike its predecessor , it is not a theater-level model ,

but is limited to simulating one sector of the battlefront ,

typically a corps zone of about 60 km in width .

The model simulates the interactions among friendly and enemy

combined-arms combat forces and assesses the outcome of the

battle in terms of the forces lost by each side and the move-

ment of the FEBA . However , the doctrine built into the model

limits it to simulating a situation in which one side is the

attacker and the other is the defender. Thus, although the

representation of the conflict is two-sided , it is asymmetrical

and the model does not allow counterattacks and reversals in

the direction of FEBA movement during a simulation .

For most of the aspects of combat simulated within the model ,

the basic ground force unit used is an average—sized maneuver

battalion . The area covered by this battalion is set by

defining representative relative positions and distances

among the companies , platoons and squads that comprise a

nominal battalion , based on typical deployment concepts.

However , this deployment array can be modified to account

for massing or dispersal as appropriate for battlefield force

deployment tactics in a conventional or nuclear environment.

It should be noted however that the simulation processes
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concerning target acquisition are defined in terms of individual

squads. Consequently , on the matrix , the smallest element

resolved is specified to be the squad .

Basically , the L&A TAC NUC model is a deterministic ,

expected-value digital computer model using as its time-step

increment , one combat day . That is , the losses and FEBA

movement for a full day are determined as a function of the

number and disposition of the forces at the beginning of the

day , and the number of targets acquired and weapons used ,

etc., for that particular day . The values of force losses

and FEBA movement for a given day are determined simultaneously

by employing an iterative technique to obtain a solution to

a set of algebraic equations , derived from an extension of

Lanchester theory , which represent the interactions among

the various force components , and relate the FEBA movement

and force loss equations . The basic form of the equation

that relates the FEBA movement to the losses is:

FEBA

~~~:m~~
1t = (Uno~~osed) (i - 

threshold level)

where the unopposed rate and threshold level are input

values . These losses are calculated as a function of the

types and number of forces involved , the separation distances

between them, and the appropriate effectiveness parameters

(acquisition and kill probabilities , which are determined

by the separation distances) . FEBA movement is then cal-

culated based on the losses sustained by each side ’s tanks
— and infantry . There are four such FEBA movement equations:

two for tanks (friendly and enemy) and two for infantry .

At each computing interval the program adjusts these four

associated separation distances (e.g., enemy tanks to

friendly infantry , enemy tanks to friendly tanks , etc.)
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and the corresponding losses on both sides so that each

equation yields the same FEBA movement .

Although geometric representation of space within the program

is implicit , within the battlefield area it is simulated with

a moderate degree of realism. As discussed above, the

relative positioning of ground forces is defined in terms

of nominal battalion units and their components . The posi-

tioning of these battalions relative to the FEBA is controlled

through a combination of program inputs and algorithms within

the model. These define and relate the number of battalions

deployed on line and in reserve, the depth to which they are

deployed , the attacker ’s degree of “resolve ” to hold or

acquire territory , and the defender ’s willingness to trade

space for survivability . Because of the conceptual represen-

tation of space, environmental characteristics are not simu—

lated in a detailed geometric manner. However , the effects

of a typical terrain and weather can be nominally accounted

for by changing the inputs for target acquisition probabilities

and unopposed force movement rates accordingly .

As is seen from the matrix , although the simulation accounts

for most of the ground combat elements in an aggregated way ,

it does not model most of the tactical air forces or any

of the air defense elements. Only the close air support (CAS)

mission is simulated; CAS sorties are specified through program

inputs and their impact on the evolution of the ground battle

is determined. However , other tactical air missions such as

deep strike, combat air patrol (CAP) and fighter sweeps are

not included in the model , nor are any aspects (SAM 5, AAA

or aircraft) of air defense simulated . In addition none of

the components defining the support systems of logistics

and command , control and communications are explicitly included

within the model.
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As is apparent from this brief review of the array of combat

participants simulated , the emphasis within the model is on

the elements and actions occurring in the battlefield area.

This is also reflected in the section of the matrix defining

combat functions and events . Items concerned with actions

and weapons in the battlefield , although simulated in an

aggregated fashion , are modeled in a manner that accounts

for most of their major effects or characteristics . These

events include the deployment of forces, the acquisition of

enemy targets (through various types of visual sensors,

counterbattery radars), the engagement of enemy ground forces,

the firing of conventional and nuclear ordnance, the maneuver-

ing of these forces (based on doctrine of acceptable losses),

and the allocation of reserve froces and nuclear weapons.

The commitment of reserve maneuver battalions during the

course of the battle is determined in the program in one of

two ways , as preselected by the user. Under one option, the

deployment strategy (e.g., attack , hold , defend) for committing

reserves to the front line area is prespecified for the

duration of the conflict. If the alternate method is selected ,

the program employs a dynamic algorithm in which the strategy

and therefore the commitment of reserve forces is adjusted

daily according to the battle outcome to date and the desired

outcome for the next day ’s battle . Because of this logic the

decision process concerning ground force actions is specified

on the matrix as being aggregated but accounting for most

of the major facets. However , it must be recognized that

there exists in this context the overriding model restriction

discussed previously , i.e., the asymmetrical representation

of the conflict. The internal program logic is such that the

initial designation of one side as the attacker and the other

as the defender cannot be subsequently altered so that the

126 

-_ _-_~~~~~-_-- 
_ _ _



—~- --‘-—---~=..-~~~~ —---——_-——_ - —-_ ——-- - - —- - —, -_ --—— -—--— -— — --—--— .—,——— - _—  —_ —_- —

two roles are completely reversed as the simulation progresses.

Although none of the components of the logistics and C3 support

systems are simulated , two aspects of their processes are

accounted for in the program in a nominal way . The model

provides for reinforcements to be supplied to the battlefield

area at a specified constant rate , and the resulting timing

of tactical nuclear weapons employment is treated in a proba-

bilistic manner.

As would be expected , the aspects of combat modeled most

completely in the program involve those facets related to

the use of tactical nuclear weapons. The employment of

these weapons may be based on an allocation that is fixed

and independent of the battle ’s outcome, or is a function of

one or more parameters describing the cumulative outcome of

the battle to date or for the outcome of the most recent day ’s

combat. Currently , the program is configured to handle data

concerning two sets (yields) of nuclear effects , and thus

can simulate in a single run the employment of any two of

the three nuclear weapon systems (tactical aircraft , artillery ,

and SSMs) indicated on the matrix. The nuclear damage assess-

ment calculations take into account the losses resulting

from blast, thermal and radiation effects in an aggregated

manner. Both prompt and delayed casualties are determined ,

based on the initial and cumulative radiation doses received

by personnel from multiple exposures. Collateral military

damage is assessed in terms of the cumulative ground area

that is subjected to various levels of blast, thermal and

nuclear radiation ; however, the model does not provide for

a civilian data base, and hence there is no estimate of the

associated civilian casualties resulting from nuclear

detonations .
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Although many of the aspects of combat included in this

program are modeled in a manner that accounts for most of

their major facets , it is clear from the manner in which

the conflict area is represented and the small size of the

program (number of FORTRAN statements and computer core

requirements) that most of these features are treated in -

an aggregated way, in terms of average functions. Required

inputs to the program total about 300 and consist primarily

of those defining initial numbers and disposition of forces

for both sides, target acquisition and kill factors, and

limits on force movement rates and acceptable attrition

levels. The initial disposition of the forces is specified

in terms of the number of battalions , the area covered by

each side ’s “average ” maneuver battalion , and the density

of battalions , i.e., the width and depth of deployment and

fraction committed on line. Kill factors for weapons employed

are specified in terms of the mean area of effectiveness (MAE) ,

circular error probability (CEP), and/or probability of kill

against a particular type target. An additional important

program input is the number and rate of CAS sorties employed

by each side.

The primary outputs which are used to evaluate the course

of the battle as a function of time include the distance and

rate of FEBA movement, and the size and combat effectiveness

of the forces on each side . The size of the forces remaining

is a measure of the attritions sustained ; the fraction of

these forces (troops) that are ineffective is a function of

the prompt and delayed effects of nuclear radiation as well

as the casualties sustained due to conventional weapons.

The program was employed by Lulejian to simulate a portion

of the Barbarossa II scenario for AEC/ISA. This involved

simulating a short ten-day battle between Pact and NATO
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divisions of differing force size. The combat situation

investigated was that of Pact forces massing a number of

divisions against a single U.S. division in a 60-km-wide

sector with NATO employing only hold and block tactics

against the Pact attack . The model has also been used by

Lulejian for a study comparing the effect of using advanced

precision—guided munitions with tactical nuclear weapons

near the FEBA . Thus, even though this program has certain

limitations due to its omission of tactical air (except CAS)

and air defense forces , it appears that under certain conditions

it can be used for sensitivity analysis of land combat involving

conventional and nuclear weapons . The model is particularly

applicable for investigating the initial phases of a sector-

level conflict before the deep strike missions have any

pronounced effect on the development of the ground war. Within

this context, the number and rate of CAS sorties specified

should be commensurate with the expected losses to enemy

air defenses in the forward battle area during this period .

Although it models only a single sector of an entire front,

the program could be used in a parallel fashion to simulate

combat on several adjacent battlefields (sectors), each having

different forces, force ratios , terrain , etc. In this manner ,

uneven force deployments and FEBA movements (i.e., bulges

in the line) could be simulated. However , in this mode of

model usage, the question of “open flanks ” would have to be

addressed and taken into account externally .
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APPENDIX F. OTHER CANDIDATE MODELS

This appendix describes briefly five land combat models

that are currently being used within the analytic community

to investigate various aspects of combat involving both

conventional and tactical nuclear weaDons.

F.l CASCADE III

CASCADE III (Computerized Air Strike and Counter Air Defense

Evaluation) Model was developed for the National Military Command

System Support Center by the U.S . Army Strategy and Tactics

Analyses Group for use by the Joint War Games Agency . Develop-

ment and documentation of the latest version of this model

(III) was completed in 1970. CASCADE III models the detailed

air operations of a two-sided comprehensive land , sea, and air

theater-level war. It does not model the complete combined

arms land or sea battle. It is a computerized stochastic model

which simulates conventional and/or nuclear tactical air operations ,

air defense forces , and nuclear surface—to—surface missile (SSM)

forces. Tactical air and SSM strikes are conducted against

counter—air type targets (e.g., SSM bases , airfields , ships,

task forces, surface—to—air missile site s, antiaircraft artillery

sites, air defense employment areas to which air defense sites

are assigned for comnur~d and control purposes , early warning radar

sites, ground controlled intercept radar sites, and air defense

direction centers to which airfields are assigned for command

and control purposes). The location and duration of the

conflict , the ground and air orders of battle , the weapon systems

characteristics, the air mission assignments , and the surface—to-

air firing doctrines are all described in input data that must

be furnished by the user. The results of each simulation are

presented in the form of attack flight histories , intercept

flight histories , ground damage assessment reports , air defense

engagement reports , and status reports on all units.
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The basic mathematical procedure employed is an event—stepped

Monte Carlo process. The minimum unit size represented in the

model is a single aircraft, missile , or site. CASCADE III is

a relatively large computer model (220 K), is programmed for

use on an IBM—360 system , requires a minimum of one to two weeks

to structure the data in model input format, and requires a

considerable amount of computer time for each model cycle

(%20 minutes to three hours of CPU, depending on the force

size)

F.2 DIVWAG

DIVWAG (Division War Game) is a highly detailed , two—sided ,

computer-assisted combat model designed to investigate mid-

and high-intensity nuclear and conventional conflicts between

a Blue force of division size and a Red force of three divisions.

Maneuver force resolution is generally at the battalion level ,

but can be manipulated to the company level in special cases;

support elements are resolved to the company/battery or individual

aircraft , sensor , etc., as appropriate.

Based upon game orders to the units , the model simulates movement

of ground units, aircraft and logistics , ground combat between

opposing forces, artillery , armed helicopter , target acquisition ,

replacement of supplies equipment and personnel , etc. Nuclear

weapons of various yields can be delivered by atomic demolition ,

cannon , rocket, missiles or air delivered bombs . Prompt blast ,

thermal , and radiation effects are assessed , as well as delayed

casualties and induced radiation hazards (barriers) , but nuclear

fallout is not modeled . Thus the model accounts for most of

the key elements and events important to the simulation combined

arms combat. However airborne operations , air-to-air combat ,

C3 and electronic warfare are not included or modeled explicitly.

Delays in reporting and response times are introduced by the
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user through inputs and interactions during the course of the

simulation.

Program inputs include unit locations and mission assignments,

weapons and equipment characteristics , consumption rates, unit
TO&E ’s, weapons effects data , decision tables for defining

priorities for levels of attack , and terrain and weather data.

Each of the up to 30 ,000 terrain cells (2km/side) is coded
for roughness , vegetation , trafficability, elevation , and a

maximum of nine individually homogeneous weather zones can

be defined , with hourly changes in temperature , precipitation ,

visability, etc. Up to a 1000 resolution units can be

specified as a total for both forces and up to 200 types of
equipment , supplies , weapons , etc., can be played for each

side.

Because of the level of detail of this model , the time , man-
power, and computer power requirements to use it are prodigious.

The model is maintained and operated by the War Games Division

at CACDA (U.S. Army Combined Arms Combat Developments Activity)

at Fort Leavenworth , Kansas . It employes both FORTRAN and

COMPASS programming languages and is run on a CDC 6500 computer.

A minimum of 3 million words of storage are required , plus 1

disc drive and 3 tape drives, as well as the standard card

reader and printer. CACDA estimates that approximately three

months are required for acquiring and structuring the data

base, and about 60 calendar days for playing 48 hours of

continuous combat. The ratio of simulated time to real time

is about 1 to 3. Although automatic play of the game can be

set for any length of time (up to about 14 hours) , it has been

found that about two hours of game time is the practical maximum

limit. For intense combat it is recommended that this time limit

for user intervention and review should drop to about one half

hour . Preliminary analysis of the detailed program outputs at

the end of the dynamic play can require one to two months .
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F.3 MAFIA

The TRW/MAFIA model is a modified version of a model originally

developed by Operations Research Inc . for the U.S. Army Combat

Developments Command . Initially, the model was named MAFIA V 1
an acronym for Maneuver and Fire Analyzer . Two different

versions of it are known to be operational today . One , called

DACOTAH , is being used by AMSAA at Aberdeen Proving Ground ,
Maryland . The second , TRW/MAFIA , is being used by TRW Systems

at Redondo Beach , California.

The TRW version has been modified to make it a player-assisted

interactive simulation as opposed to the original MAFIA V model

which is a fully computerized closed-form computer model. In

the TRW version , the player—analyst acts as a pseudo—commander

with full command/control capability over all fire and maneuver

units (both Red and Blue) in the simulation scenario . The

analyst, in effect , exercises “direction ” and “coordination ” of

the scenario—defined units. It is important to note that recent

modifications to the program logic and current data-set have

been made to incorporate simulation of low—yield , tube—launched ,

nuclear weapons. Thus , the model can simulate combined conven-

tional/nuclear operations.

The model is a deterministic , time step model , programmed in

FORTRAN IV and was designed to analyze in detail close combat

between opposing forces of brigade size or smaller during short

battles lasting from several minutes to several hours. For a

typical brigade simulation , the analyst would normally construct

a scenario by defining the maneuver units (mechanized infantry

and armor) at company level or platoon level (with a corresponding

increase in resolution) and by defining the support fire artillery

units at battery level. Smaller than brigade size scenarios can

easily be simulated by restructuring the data base with an
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attendant increase in resolution . In a like manner , division

scenarios can be constructed ; however , there is a resultant

loss in resolution.

In using the model , it is possible to prescribe , with considerable

flexibility, the types and number of units involved , their

respective missions , their scheme of maneuver , and the employment

of fire-support weapons and close air support. Tactical decision

rules can be supplied to the model by initial input as well as

by on—line interactive input . Target acquisition capabilities

of surveillance systems and the suppressive effects of high

casualties or heavy volumes of fire are also inputs to the

model. Intelligence system effectiveness can be gamed explicitly

by allowing the user analyst to have more or less intelligence

about each opposing force.

Specific inputs are types , numbers , and location of units (per-

sonnel , equipment, weapons , etc.) , maximum effective range of

weapons , target acquisition/detection probabilities , weapons

effects data , target priorities for artillery , criteria for

automatically making command decisions , unit movement orders

and data indicative of fire suppression effects . The major

model outputs are time histories of unit movement , allocations

of direct and indirect fire , personnel and equipment casualtie$ ,

and status of each unit. These outputs can be either in the

form of a printer plot or a display on a suitable CRT device

(e.g., a pseudo—commander ’s tactical situation display) . Some

of the primary limitations of the model are: the effects of

terrain and cover are treated statistically rather than in

terms of particular terrain features , the elements in each unit

p are assumed to be randomly distributed within the area occupied

by the unit , no service support and resupply is accounted for ,

only prompt radiation effects from tube-launched nuclear weapons
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are considered , no air defense weapons or their effects on

Tac Air or Army helicopter close—air support are simulated , and

no automatic simulation of communications are taken into account

(these must be gamed explicitly through the model interactive

equipment) .

It should be noted that a nonnuclear version of this model has

been incorporated into TRW ’s Combined Arms Tactical Training

Simulator (CATTS), a two—sided , player-interaction , real-

time full simulation of the command , control, and communications

functions associated with a combined arms land combat . The

CATTS simulator includes the use of real C3 equipment (actual

radios, etc.) along with realistic effects of enemy ECM on

this equipment and the effects of combat noise on the operators

of the simulator (field commanders and their personnel). CATTS

was developed by TRW primarily as a training simulator for

U.S. Army C3 personnel; however , it could also be used as a

war gaming tool . It includes a realistic representation of

a particular battlefield environment in considerable detail;

computer tapes which have the terrain contours , types of

vegetation , and weather data are used in the target acquisition

modeling required for all direct fire weapons . Missions ,

doctrine , strategy and tactics are input by the operators of

the simulator . The CATTS simulator was developed for and is

currently in operation at the Command and General Staff College

at Fort Leavenworth , Kansas.

F.4 TANREM

TANREM (Tactical Nuclear Requirements Methodology) is a model

developed in 1974-1975 by the Army ’s Concepts Analysis Agency

to assist them in determining tactical nuclear weapons require-

ments to support limited nuclear options. The model is a
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player-interactive war game which embodies two separate computer

codLs , a data base of conventional combat results and loss

rates (assembled from previous studies employing other combat

simulation models*) and a large number of player—initiated
policies and decisions. The first of these two codes is
NUREX (Nuclear Requirements Extrapolator) . This computer code

is a two-sided deterministic model which simulates theater-wide

combat within multiple sectors (usually corps) on a time—stepped

daily basis. St arting with a theater scerario , data concerning

opposing forces in each sector are input. This includes

information on: committed and noncommitted forces; Red division

replacement criteria; Red/Blue personnel and equipment replace-

ment rates; nuclear delivery systems to be played ; delayed

casualty criteria and decay factors; and the combat posture

(probe, attack , delay , etc.) for each side for the current day .

The NUREX code computes conventional firepower potentials for

each side in each sector , using a selected algorithm . All

committed conventional ground elements are included at this

point. Loss rates due to conventional fire and estimates of

force movements are then determined by reference to the data

base of conventional combat results , which are parameterized ,

based on each side ’s relative strength and chosen posture.

Loss rates to ground forces due to air support are also

estimated but no air combat or air defense is simulated .

The losses due to conventional combat are calculated on a

daily basis in each sector; player interactions at the start

of each day adjust inputs to insure that they are within

realistic limits and best serve each side ’s goals.

This data base of conventional battle results is a compilation
of simulated outcomes determined by other models of conventional-
only land combat such as the CA.A TARTARUS model.
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At some point, when it is decided by either side to escalate

to tactical nuclear weapons , the currently active forces (down

to company/battery size) in the sectors to be attacked are

deployed in static , stylized arrays according to their chosen

posture, the terrain , and the relative locations of the cities.

These arrays of potential targets are part of the input data

for the second code called NUFAM (Nuclear Fire Planning and

Assessment Model).

NUFAM is a code with some Monte Carlo features designed to

perform tactical nuclear fire planning in one sector at a time

(allowing player interaction) and then assess the results of

the fire plan execution over time throughout a 24-hour period .

Simulation time advances on an event—store basis within the

day. That is, the model has a dynamic aspect in that each

side schedules a nuclear fire plan (event is scheduled and

stored) with available resources; however a particular nuclear

delivery system may be destroyed by an enemy nuclear weapon

prior to its scheduled firing (stored events occur only if

criteria concerning previous events are met).

In performing tactical nuclear fire planning , NUFAM utilizes
the static target arrays previously described and input informa-

tion concerning : percent-of-knowledge target acquisition data

as a function of target type, distance from the FEBA , and target

location error (TLE); a “flee—time ” distribution by target type

and distance from the FEBA which accounts for loss of acquisi-

tion ; the number , type , yields , CEP , etc., of nuclear delivery

systems available to be played ; a distribution of time delays

for each delivery system type which accounts for the total C3

time between target acquisition and weapon firing ; and a desired

level of damage to each target type.
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Target damage assessments are determined by calculating the

amount of overlap obtained between the prescribed radiation

levels (circles) and the target deployment configurations

(rectangles). Actual ground zero (AGZ) for each weapon is
determined by sampling the CEP and TLE normal distributions .
Collateral damage in the form of civilian casualties is also
assessed against the input city array . The cumulative effects

of exposure to multiple bursts are not accounted for . Once
nuclear casualties have been assessed , the user evaluates the

results and modifies the inputs as appropriate to simulate
the next day using NUREX.

Typical simulations of a 10- to 15-day battle usually require

about three calendar months to process. This includes at

least three repetitions of each Monte Carlo portion of the

study . The greatest portion of the effort is , of course ,

manpower time to acquire and structure inputs (including

player interactions). NUREX uses only one CPU second per

24-hour day , and NUFAM uses 30 minutes of CPU time to plan
and assess the outcome of 500 nuclear fires over 6000 targets.

F.5 UNICORN

UNICORN , developed by Scientific Applications , Inc., is a weapon-

allocator model designed to investigate employment capabilities

and options for both conventional or nuclear indirect fire

weapons. The model is essentially one-sided , in that it allocates

weapons against a user—specified array of point and area targets.

The program ’s main objective is to select the optimum mix of

weapons to maximize the total expected damage to the target

system , subject to any allocation constraints that are specified

by the user. Conventional and nuclear weapons are traded of f

simultaneously , and the target array can range ir1 size from

less than division through theater.
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Program inputs include weapon types and deployments (in terms

of grid locations), target types and locations , minimum and

maximum weapon system range limitations , range—dependent CEP5,

the lethal radii of conventional weapon types against various

target types , the yields of various nuclear weapons and target

acquisition capabilities. For nuclear attacks , blast or radiation

kill criteria can be specified and the user can also stipulate an

upper limit for these levels. In addition to specifying the

maximum allowable collateral damages , the user defines the

minimum required levels of target damage for various target

categories. The program also provides for a variety of allocation

constraint controls to be designated by the user , such as the

minimum fraction of targets in a given category to be attacked ,

the fraction of defense suppression targets which must be

suppressed , etc.

Based upon weapon characteristics, range constraints , stockpile

limitations, defenses , etc., the model employes a generalized

linear programming technique to determine an optimal weapon

deployment against a target array , consistent with the user ’s

specified levels of target damage and allocation constraints .

The model can be used to determine weapon effectiveness drawdowns ,

and will take into account factors such as weapon systems rates

of fire limitations , target acquisition , weapon survivability ,

nuclear release delay times, and weapon response times .

However, allocation and damage assessments are made based on
treating each target in the array independently. Moreover , as

an essentially one-sided model , it does not explicity and

dynamically account for opponent responses to the allocation

process.

The current version of the model is configured to be used on

the MULTICS computer facilitys of Office of Assist. Secretary
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of Defense (Program Analysis and Evaluation) in an interactive

mode. Program implemention time for this~ operating system

is minimal : the data base can be acquired and structured for

input within a day , computer running time for a case is

typically less than a minute CPU time , and analysis and

evaluation of the results can be completed within a day .

The model is constantly being revised and expanded and

documentation is updated periodically.



-

D I S T R I B U T I O N  LIST

DEPARTMENT OF DEFENSE DEPA RTME NT 01 THE AR MY (Cont inued)

0 Cha i rman Director
Joint Chiefs of Staff u.S. Army Material Systems Analysis Activity

ATTN : SAGA (SSD) ATTN : DRXSY-DS

Assistant Secretary of Defense DEPARTMENT OF THE NAVY
Program Analysis and Evaluation

ATTN: General Purpose Programs Officer-in-Charge
Naval Surface Weapons Center

Assistant to the Secretary of Defense ATTN : Code WA 501 _ -
Atom ic Energy

ATTN : Col J. Goldstein PT OF THE A I R FORCE

Director AF Weapons Laboratory, AFSC
Command Control Technical Center ATTN : SUL

ATTN : Director
Assistant Chief of Staff

Defense Documentation Center Studies and Analysis , Hg. USAF
Cameron Station ATTN : Major Veal , SAGE
12 cy ATTN : IC

DEPARTMENT OF DEFENSE CONTRACTORS
Com m ander , Field Command
Defense Nuclear Agency General Research Corporation

ATTN : FCPR Washington Operations
ATTN : Colonel Hemler ATTN : Lawrence Dandero

Director. R&D Associates
Defense Nuclear Anency ATTN : Terrel l Creen

ATIN: (lOST ATTN : L. G. Martin
ATTN : STVL ATTN : R. L. Spicer
ATIN : OAPO ATTN : J. Esser
ATTN : TISI

2 cy ATTN : STRA The Rand Corporation
3 cy P,TTN : TITL ATTN: Technical Library

Under Secretary of Defense for Rsch. & Engineering Santa Fe Corporation
ATTN: S&SS (OS) ATTN : Dominic Paolucci

Chief , Livermore Division , FCDNA Science Applications , Incorporated
Lawrence Livermore Laboratory ATTN : William Layson

ATTN : FCPRL
Vector Research , Incorporated

DEPARTMENT OF THE ARMY CTT ’ Seth Bonder

Dep~ty Chief of Staff f r Ops. & Plans The En!- Corporation
ATTN : DAMO-SSN (LTC William Cooper) PmTTN ; Joseph V. F-ra~i~loc~

Commander General Electric Company
Harry Diamond Laboratories TEMPO-Center ~or Advanced Stud ies

ATTN : Dr. Sweeney cTT N : DASIAC
ATTN : DELHD-NP

Commander
U.S. A rmy Concepts Analysis Agency

ATTN: Colonel ~l . Hincke

fl r)mn -~ nd e r
Picat inny Arsenal

ATTN : SARPA-ND -C , ~‘r . Sch umann

T ~T\ S I\ ‘L~ATT!4 : ATAA -TAC (John Dickson) 
,~~
. 

~~~~~~~~~~~~~ 
—

143 

— -- —p - — - —  - - ——— - —.—----—-~- .—. - —-—.— — - --—- .-- - ———. ——--—--- -. -._.--—-—------.--- —-  -



I


